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CHAPTER 4
Trigonometric Functions

Section 4,1 Kadian and Degree Measure

You showld know the following baste facts abowt angles, thelr measurement, and thelr apphications.

B Tvoes of Angles:
{ay Acute Measure between (F and 907
(by Right: Measure 57

{¢1 Obtuse: Measure between 90° and 180°,

{dy Seraight Measure
o and @ are complementary F o + B = 907 They are supplementary if o + # = 180°
Two angles in sumdard position that have the same termninal side are called coterminal angles.
To convert degrees to radiang, use 1° & 7/ 180 radiens,

oy comvert radians o degrees, use 1 radian = VD =)

Vo= pne minute = 160 of 1°

17 one serond = 1 /60 of 17 = 1/3600 of 1°

The length of & circular arc is 5 = rf where 41 measared m radians,

Speed = distance/tme

Z B B BEEEBER B

Angular specd = 8/1 = o/

Yocabulary Check

1. Trigonometry 2. angle 3 srandard posiiion 4. corterminst
5 radiz & complementary 7. supplernentary 8. degree

8, hnear i angular

| A The angle shown is AR The angle shown i

approximately 2 radians, approxfmately -4 radians,

e T
4. {a) Smee —o < -

Ouadrant IV,

- . (b} Since - <
Oyuadrant I 2
Cuadrant il

3]
—k
383
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Section 4.1

Radian and Pegree Measure LT3

5. (a) Since ,__;i < —1 < 0: ~ 1 lies in Quadrant IV,

T

(b} Since ~w < —2 <« ME

Cmadrant 1.

;-2 hes m

L 13w ¥
7. () =5
am
H\fm
4 v
F-
iz
k)
o biw
&, {ay i
e 6
an
\‘\_ﬂu/
2
() = *

7
1. {ay Coterminal angles jor “g

6. {a) Since w < 35 < %75" 3.5 Hes in Quadrant 11

{b}y Singe ;f < 225 « g, 2.25 hes i Quadrant I

8. (a) %&
(b w?

B (a) <

(by —3

. . e
() Cotermainal angles for ‘"_;"Z

27 g
E .
3 3

B
/

-

L




274 Chaprerv 4 Trigonometric Funciions

. . T
E2. {ay Coterginal angles for e
3

T 1S

— NEW Ear o s

it

S
il e
P

) TOw W
15, Complement: — — =
2 3 &

Supplement 7 — =

. oow W
Vi, Complement: — - o o
z & 3
. T
Supplement: o ;} = .
~ ¥ T o
19, Complement: — — [ == .57

Supplemens: w— 1 =~ 2,14

21,

The angle shown v anprogimately 2107,

Sinee 9F « 1507 « 180° 15(F Hesin
Cuadrant i1

23 (a)

Since I « JB2Y « 360°, 282° lies

Quadrant 1V,

(b}

s Since — 1807 < - 1327507 < - G0
— 1327 507 les in Quadrant [H

Stnce —360F < — 3367307 « - 3700,
—336° 307 les in Quadrant L

(b}

"
e
g

Tar

4. (a) Coterminal angles for —gw

Far 23
e e Dy e
5 g
T Gy
e 2 AP WD e

Bar Bl
- F FrR —

.
i6. Complement: Not possible; — is greater than 5
< A

Supplement: o -
Y . . Tar ] T
. Complement: INot possible: e is greater than -

Supplement: o —

28 Complement:

Supplement: & — 2 7= 114

The angle shown 13 approximately — 4

24, {a)

()

6. {a)

b}

o4

Since §F « BT.9% « 90°, 879 Hes in
Cuadrant §

Sipee 0° < .57 < 90 .57 lies m Quadrant L

Fes i Quadrang [L

Since ~ 907 <« —12.35° =
wn Cpadrant IV
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Saciion 4.1 Radian and Degree Measure

[
3
h

W, ey 3N

L, {ad

. {8}

- 12057

Coterminal angles for 527
G S

V Cotersinal angles for — 367
— 36" + 3600 =

367 - 3600 = — 3067

Coterminal angles for - 4458%
—445° 4 T = 2757

:,3*—%53 e REEE

(b} Corerminal angles for ~ 740%
- TAG - ORGP = 3480

~ T4 b T2P = 200

. Complement: 907 — 877 = 3°

Supplement TEOT ~ BT = 937

{hy 150°

29, (ay 405 3. {a) 45

-ii?‘*'[‘/w-
1\hw

32, (3 Cowrminal angles for 1145

3”4+ 3607 = 660

F14% + 360° = 474°
3087 - 3607 =

—

2307+ 3607 = 5907

— 3907+ 7200 = AP
230° — 3607 =

38, Complement: 907 — 247 = 68°

Supplement:

38, Complement: Not possible % (ay 3= Ei}"d‘”z‘”
Supplement 180° ~ 1677 = 13° ‘

,.
by 1507 = 15071

- 130

36. Complement: Not posubie

it y -~

33 {a) Coterminal angles for 3005

5y Coterminal angles for 236°%

IBOP - 129° = 51°
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ar Tar { 3 e
o Elﬁo = %EQ“ """""" T 4‘&, i - 2(}6 [LLi— 2(}9 S
40. (= (%8£}°J 4 @ zw} 5
ki \“ e i dor
by 1207 = EZEGD(MMW = e By 2400 = = TP v b= e Kl
) get) ) (1g£}°/ 3
T gy { A
42, (o) —270° = —270°] -‘~—-~) e by 144° = 144°] ——~7> =
() L180° 2 ®) Liger) s
3w 180°) i SR £ -0 W
£3. (a} méw = e {w;:} s FTE 44, {(ay —dw = — 4t - ) = T30
\ 180°
To T/ 180° x 3 (_ - s
(h} ."_4:5:? 7%_3?:( ‘‘‘‘ )L WZE{}D {b} %’?’?’ ’?’"’\ : ) Swf;{}
& 6y
Tar | Tarf 1807 : 5 1597/ 180°}
5, () S0 = | | = 4T 46, () —Z = TR0 s
45, {a) 3 T, J pit & (a) G P )' 430
- 2 287 [ 1807
(b Mm P 7M}Mt(ig - — 10 {b\’; mﬁz{ e m%:?_?:[__m} = 3360
T @@Lw) 5 ishw
£7. 1157 = m( s;)j = 2.007 radians 48. 837 = 83.7° ( fg%j;) ~ 1461 radians
— 59w mﬁ;‘ = 3 tans L 4G 8T = — i a= - (1.817 radians
49, — 21635 21635 o) = 776 radians S0 -46.52° = 46523 8{}0) 0.812 radians
51 —0.78° = —f -} = ~0.014 radians 52 _ q95el <) = 6894
51, —0.78 wg( g ) = 0014 radions 52, 395" = 395 ( z s@%} 6,894 radians
w186 Ew  Em (15{}'@ ‘ . . (’;.3{}9"‘
T A2 s as 7yae 54, 20 22X ~ 1107697 5%, 657 = 650l | = 1170°
e i R RN ’ 5. 65w =6 W‘r)

56,

&2

6.

1867 .
m@;zfz{ J = — 756"
. T

~0.48 = ~0.48 f—%ﬁ) = —27.502°

— 1247307 = ~ 1245
— 408 167387 = —40R F747
337 257 == 3300077

— 1158 = —115° 487

&7,

—345.12° = -

61,

63,

L

34

56)7) izﬂ

1ROC
) ) w - 114.592°

o

famie
£ & e o - o

64° 457 = B4 (\6{}) £4.75
85° 187307 = 85° + () + ) = 85.308°
— 125387 = —125° — (551 = ~12501°

ZR0.67 = IRO° + 06801 = 280° 367

68. 310.75° = 310° 457
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Section 4.1 Badior and Degree Measure 277

150° [186°)
§9. ~ 0355 = — 9.35:@( 1 0. 0.7865 = 0.7865] — |

oo/ oo

e 450 4+ {GOBRTHAD

S 3R TRE(6U7

e 1@, 34T

6 o= 54 3= 128 32 = T4

11

W 6 . } 7 . o ; .
8 = ¥ radians #= = 2',"5 radians § o= g = —Li radians
T4, 5= rg

AL &
§ =z = = racians
. . " . 4 .
Because the angle represented 15 clockwise, this angle is -1 radans.

75, The angles in radians are; 6. The angles in degrees are:

Y TET 3 “i‘k :::
0 =0 135 4 P p

. i o

Land

e,

o,
<

e

&5

=

B

b

T s = 8 ' R

8= 156 35 = 1458

= — radians & mo—eoew 74T vadians

B0, r = B0 kilometers. y = 160 kilometers 8L o= r# #in radians

FEINS CN 150 = 14 13,082 el
G = o am e zn 3 radians oo 318 brm— b Yy = 43 GKT inchesy
FoR0 T R0 o

£

- -+ ?T - . .
BI, r= Gilept, 8= & = ?} 83, 1 = 8, #in radians

= PR meters & 56,55 meters




ZI& Chaprer 4 Trigonometric Functions
84, r = 12 centimeters, 8 = i 85, r=2 = 2612 feer = 2297 feet
4 & w2 o
§ o= o EZ(EE} == oy centimeters = 2827 cm
& 3 G 5 B2 378 .
L omm = ez enee yryetery s {3 " 7. e I e T oo [og == 4§ e
&6, v 6 dnfa " in meters = (3.72 meter 87 r 5 TS 186 miles &0 miles
88 2 e B nches = 130 inches 89, 4 = 40777337 — 257 46732
. FTD o 55 e g e fncpyeds s R0 yne ey . B = 337 - 57
TS T R0/ IR0 Tiw
= 3167 2E7 17 == 028337 radian
§ = rf o 400000285371 == 1141 48 miles
88, o= 4000 miles 91, g =" = ﬁﬁ s= G706 radian ~ 4.047
ro 6378
= 319467 + 268 = 577 547 = 1.0105 rad 2
5= pf e 400001 .0105) = 4042.0 miles
92, ;= 6378, 5 = 400 93. =" =20 o B L 3 ian ~ 1387
A . L& = . - 6 60 17 .
§ 4643
™) 5 e i
# T e G.0627 rad ~ 359
‘ § 24 ‘ s
G4, § = o- = 5 = 4 & rad == 275027
-
95, fa) single axel E%mve%mé{m@ = A60F + 1R0° = S40°

96, Linear speed = L=

&7, (a)

= Jap g7 = Farraciang
by double axel: 214, revolutions = 720° + 1807 = 90°
wm Ay b o= Sqrracians

(o} triple axel 33 revoludons = 2607 = T radians

s _rf (6400 + 125072

== 436,967 km/min

Revolutions 4800

t 110
Revolutions 2400 )
= = 40 rev/sec 98. (:
Second &0 rev/see (2) Second

Angular speed = {22)(40} = 80w rad/sec

7.5
(hy Radius of saw blade = -E“ = 375 in.

375
Radiug in feat = TZM = (3R125 Radius in

s rB

g . .
Speed = . s - e r--; w= rlangular speed) Speed =

e () 3125{80m} = T8 .54 fi/sec

& 8 rev/sec

Angular speed = (290{80) = 160w rad/sec

. R 715 e
(b} Radius of saw blade = =S = 3625 in.

3625
feet = ——%%—- = (3021 &t

s rd

o { ! 1)
=T w0 ADRSLNHAT SDeOy
i ! t ng P

= (1.302 1160w} = 151.84 fi/sec
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Section 4.1

Radicn and Pegree Measure

219

96, (s, Revolutions 488 385000 i
P (n = w28 B0 pev Ty
A o Y /

Angidar speed = 2l J8800) = 87,600 rad /b
2572

mibes

Radins of wheel =

U in JEED80 fr/mi) 25,344

N & r# o . i .
Speed = e s riangulsr speed)

1254 ,
- 38 T miles by

57 6007 =
344 7 11

(b Letx = apin balance machine rate.

/

o= rlangutar speedy = o 2o

revolutions

1eHh {a) G g e < 500

minute
2(200) < angolar speed < 2w(300)
0 rad/min % angolar speed £ 1000w rad/min
(b} Speed = 3 = 5;; = f = riangular speed} = 6langular speed)

1.

False. | radian = |

Y oy . . 4 L S
- o 1 i 4 1FEF s i oy
103, True: 5 + 7+ = m—wg;;iw—mi = o= 180°

12, Mo, — 12607 is coterminal with 18(°.

154 (2} Anp angle fo in standard position when the origin ¢ the vertes and the initial side

coincides with the positive r-axis,

(b A negative angle is generated by a clockwise rotation.

(c) Anghes that have the same initial and rerminal sides are coterming] angles,

(s An obtuse angle is berween 807 and 18,

18, 1T s constant, the length of the are i3
proportional 1o the radiug (3 = ré), and
hence increasing.

b Pooo.ow
WA = g ;{{ 15 “_,:‘;7}‘ SOHIATS EETS

2 3

6, Let 4 be the aren of a circolar sector of radivs »
and ceniral angle € Then




8¢ Chapter 4 Trigonametric Funcrions

109. A =1r85 = r8

(a} =08 == A=5rX08) =04/ Domain r>0

5= r# = ri}.8)

Domain: r >

The area fonction changes more rapidly for r > 1 because

it is guadratic and the arc length fonction is Hnear

by r=10 =3 A = {1094 =50 Domain: 0 < § < 2w

s = rfl = 0¥

Diomain: O < § < 2o

2RO, If a fan of greater dismeter is installed, the angular speed does not change.

111, Apswers will vary.

£33

118,

117,

112. Answers will vary.

114, ’
i
3 §
ii
s
; — o
3 f” o4
L
§5
£
i
il
{
i
1 55
iig.
PRI
N ¥
34 H
3 ;
L
i /
1 /
: e
& -4 Flororos
H
H
[
118,
sk
N
it )
e
o f I
H
£
i
i
[N
I
Py
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Trigonomerric Funcrions: The Unit Circle
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Section 4.2  Trigonemetric Functions: The Unit Cirdle

B EBRR

You should know the definttion of a periodic function,

You should krow how o evaluste migonometric funcons using the unil circle.

You should be able w recognize even and odd srigonometric functions,

You should be able © evalugte trigonometric functions with 2 calculator in both radian and degree mode,

Yocabulary Check

I, unit oircle

5 odd, even

3 osmn &

cos = x = oo

; 5
tan § = o= - “r,zj

cothe=t =
¥

[

corresponds

S VI
2—. {”‘4; ‘g} B E‘..?..r.;_ - ;
’ EEIREY

I 5

sin § = y = =

fan {}E E & /'w =2 e :

T

v 5
i i3
ser f ome oo =
5 1
A i
12713 el
oop # o — - iy e
g /1% g
{x }.‘} e E

Gipy & = yomE e e

tan 4 =

cse 8 ==

i 1 z
14 & d
seo o — = o s
3 i
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it

17

1%,

pA N

. [ = e corresponds !/“‘"

Tar /2
N y corresponds to L -, —— L

JI3 1

H
i

¥ 2702

T
. F= e corresponds o) -, T L

2

Ve
F

!
3 Lz

37 . :
£ w; corresponds to {0, 1L

20z

= T corresponds 16 {10

vl
.

¢t = — corresponds (G it L
4 P é P

)]

h!
3
kS 2 /
‘ V2
sini =y =

2

Il
|

COsE = X

Iw ds © V3
g o o corresponds (0 3T

3 o 4

; t
Gy F TR oy o o— e
) 2

'V/E
oy f oy T e
2
L
foy Foom R mE e mnow
v oS3 4

D g I '\"/3
p o= —— cortesponds to f - e §
3 2

=
. /3
Sip f oy o= e -

2

COS F o ox oms o

Ez‘ii’li‘*‘”:"”‘“z v
X

18,

i4.

i6.

18

26,

2L

Y2 _:{_’%‘)

4 s 2

o= o corresponds 1o (E _;»_/§ \
3 comespanas s, Ty )

re o= (1,0

dar
b= COTFESpOnds W — 5

B [ amee

4)

t = — 2w corresponds o (1, O)

e T esonds 1o [ L 3
= CoFrespon 0§25 5 )

kY
oo ﬁ
Gip e Ty o

i 2

oy 32
i 2z Do I o "%
Y

¢ 27 resnonds o ( :
= e COpreSponds 0 | o, — o
P P S _

Bl foss p = e

COgE = x = e

fant = — =
X

51 Y
HES EY corresponds o 5 4__,_)

2z
. V3
S o= y e m2--~

cogF e o -
2
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25,

27.

8.

31

3

S _ ( P30
- = cofresponds to 375 }

i
24 = -—g corresponds to ("é— }

3

vt

; /3 , i
SHEE Y “E"“ sing =y = —=
. ! 3
CG-‘.%E-":X“"“Q* c{‘s&;z‘ﬂ:;f“‘:{m
R ] 4 kv
tanf == /3 g =t o= o
X 3
; 31 in 2V
t = "":g corresponds o <-\—§ —5} 6 1= -~-~"§: corresponds 16 (~ \"2- ~ %}
e L ( LAV
Hni=y = 5 sin{ =)=y 5
*«f-’fg “ EE_{ = — wﬁ./jz_
cos £ = x = cos| ~= } == -
E 3 3wy oy
Ezmr:iz _l’%* iﬁﬂ(”*{) =T i
7 2 /2 J3
r= 4__5{ corresponds o (%j {“) Bor= —-% comesponds o (-- —;_, "\-/53)

V2
2

2

2

S L= oy o=
COst o= x

¥
tant = = = |
X

3 g
P corresponds o (0, 11

sing =y e |

cost = x =0

=2 is vndefined,
X

tan

o

P = —;{ corresponds o
f";ln P ,.( -
COs o= g o= o

oy f = o=

cos ==

fasfom T o=

sind ~ 2ot =

¢ == — 2oy corresponds wo (1, 0L

y o= &

cos{~ 2wl = x = |

tan{— 2} = .

272

2f)

L
y

vyl

}
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34,

34,

-
S I T .
;= = comresponds to | ml“?w, m} Boa= i corresponds to (O, 1.

[

S‘}iﬂ: f penl 7\}: el

Sip F o=y o esc i = — = 1

| R ey
et

cos o= x o= £ sec t = — is undefined,
x

x
coty = o= £

N
3 i . . T
A corresponds o {0, — ). 3Bor= - Y corresponts 16 | - 5

; s . .

GEFY e ww 1}: e § GBI f = :i, T e e CRe §omm e
’ Z

cos - =x =10 CORT = X =

tan f = o S0 cot § = o

I} ! ;
o i el
2 v i

fo= P COITesDOGS W T P
B L

Py

G2

N
x
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38,

G
48. Because 2T
4 4

4%,

48.

Because 7w = Ow +

cos T = coslBm + m) = cosm = — |

W

w

sin — = sin{ 2w + v} = sin
4 4

A 4

194 S
Cakige - — = —d4g + -
Because 7 Loy “

sm{-—i?? = sm{mfw +

{ay cos{—1) = cosf = —£

sinl—1} = n

(a) sin 1 il 3
4 i < —8iny o
aj s sin{ - #l 2

1 !
by csc £ o= = - =
(b) e sin{fy —sinl—1)

- 4
(a) cos{ar — ) = —post = — Z

(b? 908{5 S ’J‘F’f = —Cost = o
3

S
&

)

g

3

B Lar i
3%, cog - = gog o = -
cog ; Cos 3 5

41, ca«,( E::M} = mc( _?f)r mgfiiﬂ‘": — _\13

13
45, sinf = —
T3

g i
{ay sip{—1) = —sinf = =

by esel1) = —esor = —3

. i
&7, cosl{—ff = -
3

{a} cost = cosb—fp = —-

;
By sept—1) = = 5
cos{~ 1}

89, sinr = o
S, s g oo
5
N

(a} sin{a —

(b sinlr + 7} = —sging= ~ .

51. sin 7{’ = 06478
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i
i

£
w

#3. sec

71

74,

7.

2o
. tan — = 30777
ot

R o

ot

P e FOATH

cosl - 251 = - RO 89, cac 0.8

14486 62. sin{—

&%, (o)

By cos

{a)y gint = 0325
re 35 or 2,89
(B} cos == —0.25 () cos

toe= bAT or 4.46

me e A gin L4 s 003 amperes.

!

wrh = e o By
' 4

53, cos =7 ~ 0.8090

6. cot 37 =

!
2 ez | 3040

T3 fay sing = 073

s 18 ARG
tan 3.7 e

Bk sec 1E

gin (18

o e e ] BAR6
tan 2.5

ST TE (a) sin 075 = oy == (7

T {4 (b} cog 25 =x~ ~0.8

T3, f= 57 % sin ¢

HOTy = 5S¢ rain 0.7

PEET S R == 79 amperes

pee 372 o f e 556

TR, oyl o= 3 cors 61

fa) vi0) = Toos O = 02500 ft

by vt = Loned = 00177 R

ey The maximum displacements e decreasing
because of friction, which 13 modeled by the

B, Ty (02 207 | 259

Lo
N

a7 e,

00% 0 -G08 1003 | 002

ot )
() g()"f cos 6 = 0

cos Gi =

Gr ==
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7.

T4,

81,

N

87

False, Sm(~~~—3——- .

False. 0 corresponds to {1, 0.

{a} The points have y-axis symumnetry,

fby sint, = sinlw — 1) since they have the same
y-vahue.

(e} —cost, = coslw ~ 1} since the x-values have
opposite $igns.

cos 15 = GO707, 2 cos 075 = 1 4634

Thus, cos 28 # 2 eos

Loos = x = cosl— 6

} H X
sec § = cos & cos(— @) seo(=8)
»

B = Fliels) is odd.
W=ty = fl=gl=0) = ~f (gt = — )

78,

84,

#2.

True

True

{a} The points (x,. v,) and {x,, v, are symmetric
ahont the origin.

{by Because of the symmetry of the points, you can
make the conjecture that sinff, + w7} = —sin .

{c} Because of the symmetry of the points, you can
make the conjecture that cos{r, + @) = ~cos1,.

sip 1 o= (L8415

Therefore, sinyy, + sin g, # sinls, + 1)

. gin @ =y = ~gin{—~ )
! .

csc = — = —escl-- 8}

. 7 :

tan § = = = - tan{— &)
cot § = E = = cot{~ 8]

. Fleb = sin tand gl = wan s

Both £ and g are odd functions,
hity = Frelty = sinftanf
A1) = sin(— ¢ tan{~ 1)

{—sin rf~tan )

it

f

sim £ tan £ = A1)

The function b{rj = flriglr} is even.
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8. fl =30 - 2) : 99. Flap = Lat 4+

T . ]
I N i b
¥ o= 5{§3. - 2} & / . ¥ gxT o i

X o= i,,:{ 3y — 2} S =

2= 3v - 2 € £ b= gyt

2+ 2= 3y M = 1) =y

+ 1) JMe) = YA

o Ix _ N
/,// y o= ,;A X = i

i

2 -8 2 - 2

Asympioies: x = ~Z, vy = 5

Rt e

& Houghton Mitlin Company. All rights resarved.



@ Houghton Mifflin Company. All rights reserved.

Section 4.3 Right Triangle Trigonomerry

18%

Section 4.3

282+ xr -1 x
9. flo) = —E e Ty T

¥, y= %+ 3~ 4

Domaire alb real nombers

D=x%+3x— 4w (x+4Hx — =pr=1 4

Intercepis: (0, —43, (1,05, (4,0}

Mo asymptotes

89, flx) = 341 4+ 2
Pomain: all real numbers
Intercept: (0, 5
Asymploter y = 2

186 + 4}

4(2x% — Bx — ¥}

Right Triangle Trigonometry

98, v = tnx’

Diovmadn: all x # 0
It =0 = = x = 1
Intercepts: (1, 0L (— 1, 0}

Asymptoter x o=

£ X
{x + 2)2

(7 + 4x + 4)
Diomain: ol real numbers x % =2
. 7

Entercepis: (7, O, (#L}n *g}

\

Asymptotes: x = —2 v =

B Vou should know the rnight miangle definition of rigonometric functions.

oDy add
(a) sin § = - by cos b=
hyp hyp
. hy byt
{dy casc 8 = i {e} sec § = jﬂ?
op ady
B You should know the following tdentities.
{ i
{a} sipn 8 = - b} cse § = e
o esc f (0} csc sin B
i i
A ser B = —e— Vy fan B = e
W) sec cos & (e} tan oot
sin cos 8
{gy tan & = - (hy cot = —
cos & sin &

(1) 1 +tan? § = sec’ 8

B You should know that two acute angles o and 3 are complementary if o +

complementary angles are equal.

B  You should know the irigonometic function values of 307, 45%, and &0, o be able 10 construct triangles fromm

which you can determing them.

by 1+ cottd = ose? 8

S0E
(0} tan § = ok
adj
‘ adj
(Ey cot & =
opp
I
(cy cog =
sec
(F) cot§ = —
oo i omn e
an

{4} sin®f + cos? 8= 1

£ = 807, and cofunctions of
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Vocabulary Check
i, {a) i (s vi ey i {dy v ey i (Y v

2. hvpotenuse, oppusite, adiacent 3. elevation, depression

5 | i
/// 1
e % b= JIF = JT66 ~ 25 = 12
, S et i DO ]
ﬁiii} E '\/{3'; — g W 1{5} i Mg T ﬁ o #g}ﬁ =
ypo 13
.. app 3
QY {;: e :{’f—} L ﬁdr %;}
3 4% 3 Ciove o ot e
hyp 13
acy 4

il

hyp 3 tan 6

adi 4 coe 8 = hyp i

2t
ol
TR

spg o= S m e
} ’ adi 12
1Y 5
e rs % T4 adi 17
CZL} ) (M5 ff [ S
P 5
. adi 4 "
A
opp 3
,,,,,, \R\
""" Y
i ] DY
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-

sin § = 5w e 1 sin # =

ék 8 4 /// 4
cos § = 2. — = e el e e i
Byp  i0 3 3 3

& & : 3

tan 4 = ﬁp = tan § = =
adiy B 4 4

P hyp 10 5 4 5
ese A= T e cse 6 = "3

qeg B o

P

CO g e o e " ;
The function vaiues are the same since the triangles are similar and the corresponding sides are proportional.

adj = /15 — & = /161
!

The function values are the same because the triangles are similar, and corresponding sides are proportional.
o o i
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Trigonometric Functions

e

T.oadi = J3

L G
§i 6 = iz

hyp

oo § o s

[E%
|
—

3o

Il
<.
e e

i
g
4‘\
|

P s

2 w’ﬁi

3

Vs

‘‘‘‘‘‘‘‘ L. 2
2 v’/g 4
3

3 _ 32

—:F T ———
2.2 i1
3
L

sin B = =% =
cos 6 = =
fan & = 5 e -

&
ChC 8 = - ::E.-_.:;

G [EEgE SR - =

adj 4.2 2J7I 4
e =
s 4.2
ot @ = = = = 9 /3

opn 2

The function values are the same since the triangles are similar and the corresponding sides are proportional.

8 hyp= JI2+ 2= U3 >
I L
Gepe R L VS
sin H = hyp S RT S
adi 2 2.3
CO8 § 55 o = e e
ﬂy'ﬁ ~ 5 %
sty i
fan o ("}{% =
adj 4
hyp S8 o
a;‘i(_j{‘f:““ﬁ ...... e SR
app ]
hyi \//W
sec § = W}_JE i
ads 2
‘ ady iz
cvd o e - Z
opp

The function values are the same because the triangles are similar,

hyp = V3 + 60 = 3.3 -

3 I
G 0 = e = s =
R WA

cos § = = c
VERE
tan § = — = -_-:-

cse B = = R

sec § = = =

fi

col o

r""f
I /x‘/
e rﬂ/,ﬂ
3 8
é

2 \/5

5

and corresponding sides are proportional,
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Secrion 4.3 Right Triangle Trigonometry

it

13

5 ' § o
Chven: sin 8 = = = OEp

&  hyp

a : 2
cot = — = et
oy

sec 6} oo AL e mr el
. i . /11 11

Tl =

1 hyy
Given: sec § = 4 = — = YR
Poooad;

(oppl? + 12 = £

tan 6= J15

j
Y AT

g2 3 5YI6
s & = bvp \/’% "

tan § = —
ant adi 3

Wy 5 .
cie = B LN 5

eyl
580 e 5
g i 3./ 160
O s i
0 2.7 H 0
§4° ad§ = V/ﬁ_;fw:? ke 'v"‘fm
/ .

cos B JIT3 273
! V273
cot g o= S
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i5.

17.

19.

21

23,

25,

27.

3.

35,

39,

43,

9.2

Given: cot 8 = i
4+ 9% = {hypy
/97

4 457

w7
o7

Function 8 (deg}

Sin 3G°

tan 60

cot 6

CO% 307

ot 45

i
i 6; IO .
sin o

I
sec B = o

sint 8+ costf o= 1

tan{H° ~ @) = cot#

L

sip 60° =

L

sin 607

¥ tan &0 ‘
(@) n cos 60°

It

(o) oos 3P =

opp

A
LT Cos 65 -

sy B =

A {rad} Function Value
ks I
6 2
SN

w iy
“I%

oG
b

=

i

i
COs B o=

8.
& sec #

i
tan 8

. ot =

36, +tani G sect @

&G, cot{90° — ) = mn g

[

Pl

{by sin 30°

(dy cot 60 =

) 3
6. sin = = -
sin & 7 g__.-/"/
. o i3
adj = VT - 3% = /53 SC r
5
adi /55
cos § = - -
hyvp 8
an 6 opp 3 355
an = e
adj /55 55
I A
8¢ § e o
e sin 3
; i § 83
g o B s DX
caos # /55 55
i JES
et # = —em e
an 3
Function & (deg} B (rad) Funetion Value
T J2
18, ¢t 45° — o
8. cos ) 3
20, sec 45° f NG
X, cse 45° %;; J2
24, sin 45 p 5
%. @ 307 x .
- o 6 V3
2%, tan § = L 3 s B
T cot § IR P
33 tan B = sin 6 34, cot @ = C?S g
cos B sin &
37, {9 — 8 = cos 8 38 cosl90® —~ & = sin 4

41, sec(90° — 8 = cac 6

= oon 60F = -

Pl e

cos 607 1
sin 6

47,

csef{90° — 8) = sec §

© Houghton Miflin Company. All rights reserved,
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32

45, oo 8= ) ger f o= e

iy . P
& ! 22

cot §0° = Eaﬁéi‘}{}b N

P
o
o

(hy cos & = - e
seg # 3

(©) cos 36° sin 30° {1, ; 3 o) o sin & /3
{ o~ C{}\ ,,: s o - = s 0y gl — P {: % .Z‘éf} Ey. fibions p —
- T anet (VA3 2030 2 i cos & (27913

(d 3° E SR 3 A el Y ) j = 3
ey oot TR e I e = o 1Y geo{ G — #) = cso B o= 4
) o wn 3 U3 3 (d) seclo” = £ = csc f

N

45, seo 8= 5 lan 8 = 24

o) eot(B0° — ) = an fw 26

) — I8
(dy sin @ = wn feos 6= (2061 =

L
1
Lh |4

%

47, cos o =

.~ i L COs o
(ay sppy = —— = 4 {e}y o
COs o

by sinta + oot = 1

) o hE: B
st t [~} =1

&8, tan g oo 5 {# ties in Quadrant T or HL)

LAy | e

{ch E.Z%ﬂ{g(‘?cr - 8} = oot § o

‘ s i -/ 2
{edy car = i+ en 2 = P —— = e
(dy csc BB P oo g \/z 25 5

49, tan G oot B I P PP L .
¥4 P o g o w A L, DS = « - - R
Fo tan oot fan \tan &) 50 tin & cos B cos #

. s 7 ) . . . oo 8
tan Boos o= ,,} cos B = sin f 23, cot Bsin f == sin # == cos §
eos Y BTy

i

EFy
ey
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B30 beos B ~cos B = 1 — cost @ 54. {csc 8 + cot Biesc 6 — cot 88 = csc? 6 — cot? B
= (gin @ + cos? 8) — cosl B =]

= gin” §

sin 8 cos 8 sint b cogt 8 tan § + cot 6 and  cotf

8
-

- e 56. . -
cos § sin f sin Boos 8 tan # fan 8 tan &

b N cot &

sin Geos 6 ZE/’QGE &

P cot? 8= cse? 8

i

i i
T e b = ose Bsec #
st cos 8

87, fay s 417 = 0.656] 8. (a) ran 18.3° = {33346

(b} cos 87 = (.0523 | \ I |
heos . (b cot 715" = i = 03346
wan THS

| | | 50 250
“‘6 2% sec 420 32 P Gener 4 223 e — o ’1,_ ‘ 3 . {* - 3{80 “{}’254 o g ( R o T
56, (a} sec sec 4 cos 42,27 a9 e | Los\g - 36%}
I -

e T

, = cosll B40ZTRY = [ORRE]
by cso 4R° 77 = PR B
sinld® + z4) H

h gerl 90 B0 TS i e sz
by secl(d” 307257 ol F 507257 PO

$1. Make sure thar your calculator i3 i radizn mode. 62, (a) sec{} 54} = ——r == 37 4THS

cos{1.54)

fay cot Eé’“\ il e e 5 (3273 (b cos(1.25% = (3157

by tan g = (1.4147

Fom

. fay cos @ = l;»: =3 § o 48° = —

{

i

kY

i
Led
fan
]

I}

6% (o) sin § =

3: ) tanf =1 == §=45 = -
o 4

P
‘
i
el
H
ad
e
it

By cse @ o=

i . e ) o W
65, (ay sec =12 =2 F=6) = T 66 {2y tan # = U3 e 8= 60 = 3

H -
Yy cot § = 1 == §= 45 = — (b cos ¢ = 5 = §=6F = —

2 o 3

&7. {a)y cse 8 = =63 = e 68, (a) cot g = Y
N . \,"/.:}‘T - i 3 . i
(b) sin§ = == = 6= 457 = - tan 8 = = = 3 e 0= 60 = T

(b} sec § = /2
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&4,

7.

7i.

73.

74.

F1. (s

an 3© = 57);5 —s oy = 3% ian 300 = 105 -
o8 30° 105 ., 105 103
SOy L e = e e DS e

’ v cos 3° J3/2 2

ot X o
cos T = 5= = x = [Feos 3 =
15

‘%{}0 — _-“i“. =y = 4§ g{}v [J iﬁ‘?
sin 30° = <7 =%y = 5in 12/}

=153

= 763

153
Z

A
= 8.0
2=

cos 607 = —;;} = ko= [6oos 607 = }é[ é&) = B
e ¥ {
sin 607 = e Ty 16 sin 607 = Efjl
S
ot 607 = — =2 r= 8ot = 38 -
o8 J3
sin 60° = 38 i o= g 38 763
) ) O 372 a
i
X %
o= 2 b 2 e po= 2002
1./ 2/3
tan 45° = m~~;~j e —-%w § o= 2\/};

P {2 AR (23R =20 20 = 40 = =

f‘>
{ry tan 8 = - mci tan § =

L _ 383

3

T4, tan 45° = e =

2= 10+

T8, fa) 9

{by sin 757
) sin 75 = o5

{0y x = 30sin 75" = ZR.9¥ meters
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79, tan § = “LE
adj

o
1600
w100 tan 58 = 180 feet

tan 58° =

50
. . {& E o —— "_ [ e @50
8 (a) tan @ 7 HiE

(by L2 = 507 + 507 = 2 - 507 = L = 507 feet

S S SV R b SN i
{c) ——-E::—/: = ,;‘/i fifsec  rate down the zip line
54 ,
W w= i sec vertical rate
83, [EN
- >
56" ?
7 |
et i
& ¥y
3P e 2
§in Py
RN LAV
¥y = {sin 30°)(56) = 5){56; = 28
X
von HE e -
cos o
. \g/’g N Foewl
X, = cos 356} = --—5--{56} = 78./3

(e y,) = (28./3,28)

¢ |
80, cot9” = 7 ,««"J;’/Mi
e %h.
& 13+ ¢ o - :
cot 3.57 = — EE A ]
i3 <

nat drawn to soale
bicting. B = coras’ — cor s
Subtracting, 5= cot 3.5 — cot9

i3
cot 387 - cop§°

i3
16.3499 — 63138

1295 = 1.3 miles.

x = 8965 sin 35.4° == 519.3 feet
{By 16935 ~ 5193 = 1174.7 {eet above sen level

{c) 8963 mintes to reach to
“ 300 : p
. 5193
Wertical Tate = —m— e

sin BF = ==
56
S,
. . 3 e
¥y = sin 6736} = (%—-}{55} = 783
Ko
o5 60F = =
COoE 55
. N ) / 1 5 ‘
x; = {cos 6074(56) = | = Jise) = 28

= (28, 28/}

b
Py

5
St

-
e
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84, x = 9397, v = 3.420

#49.

84,

¢1.

95,

v X
i 20° = <o = 034 cos 207 = = G,
stit 203 o G ooy 20 5 .94
En P =L 036 cot20° = - = 275
X ¥
Lo
seg 2 = = 106 cge 2P e e e 7 G0
K

False

sin 45° + cos 45° = 5
314 CO% 5

Vi

85,

87,

Neotan? 8 4 1 = sec” 8, so you can find & sec 4
@iy el a4 | e® | e
sin @ | O 1 63420 1 08428 | 08660 | (19848
cos B 1 (0.6397 | (L7660 1 03000 | 01736
tan b | 0 03640 | 08391 | 17321 1 56713
g 0° | 200|405 | 605 | 80°
cos 8 i G.9397 1 07660 | 05000 | 01736
sipfQf° - 9} i G.O9%97 | 07660 | 0.5000 1 01736
7 3, i 93,
} -3 _\% 3
& o & t
-3
4 G, 4 7.
2} 1 2z E///Af'm
i ol

True

U
sin 807 csc 607 = qp Y - = ]
BiTE [N Gin 6{}5

True

1+ cott § = oac? Glorall 8

{b} Sine and tangent are increasing, cosine is
decreasing.

sin §

{c} In each case, tan 6 = .
cos §

cos & = unl9d® ~ &

8 and 907 — 8 are complementary angles.
r 84, 7
, =
/ R {
f ]
! F—
& _ [
4 98, ‘
& I N
% T 4
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Section 4.4  Trigonometric Funetions of Any Angle

# Know the Definitions of Trigonometric Functions of Any Angle.

BB s 1 standard postiion, L v} & point on the terminal side and r = # 0, then:

" 5 oy r .
sity # = ELE IR
d ¥
o x --\ i Lo
cos # = - sec B =, xF 0
r X
LY L X
fan =~ v ¥4 cotB=— v+
X ¥
Your should know the signy of the trigonometric functions in each gquadrant.
e Jar
- . - ~ . o~ 4 B
You should know the ngonometic function values of the quadrant angles 8, ST and =

You should be able 1o find reference angles.
Your should be able to evaluate trigonometric functions of any angle. (Use reference angles. }

Your should know that the perfod of sine and cosine is 2w

EEmEeE B B

You should know which trigonometric Bunctions are odd and even.
Even: cos x and sec x

Oddd: sin X, tan x, COT X, C8C X

YVocabulary Check

¥ W r
i Zocsc B 3 = 4, ~

IS X x
& oon # & o b 7. reference

£ {ay f

; F= S84+ 205 = 17
5 15 o 13
csn fm — = o sirg = csg = — =
3 3 17 i t5
X w 17
oos 8 = = spCc o= = —
¥ i A

15
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383

2o {a) x= 12,y = ~§
e JIZF (57 = 13
PR SR
sin & ; 3

g 12
COS e Ty
¥ 13

e

AN
LI -
Lo |
LA

[T g el : i

i
i
i

o
sec § = — =
x

X 3
A - T e D e e

x {a) ¢

. ¥
sip §wr = om —— fartoll
F

N X
cos f o= — = . sen § =
I

,,.a
&
fid
T
i
f
i

4. {2}

tan § = - o=

f~
3

Falot 8‘ s s o=

|

r
Se0 3 o e
p

X
eotf= = — =3
¥

x
cot f = o o
v

b} x= ~1, vy =1

{b}

(b}

P \/(:“ﬁ:?w;f”gi .

sin B =

Cos § oo -

tan @ =

s 8 =

) = (2.0
o ‘/ﬁ{—"{"? = 2\/5

sin £ =

cos # = -

‘ ¥
fan § = °
X

X
¥

2

2 vy

wmmoe ]

s 2‘3; = 4

sin § =

cos § =

tap & ==

Fo= qﬁﬁﬂi = 2.3

Fo2J% 5

|~
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8 (x, v} = (7,724} &, x5 =

se o= -

sip B = = = cog H o o e
- -
T 3 o,

Bl {f ZEo— T e fan {}‘ B oae o= o e

oy (-} T e S s m;,g {} pre L0 ff ST e I ""_j"“ [ 411 ff = o —
¥ ¥

re= J5 (=127 = J15 + 144 = JS169 = 13 re= JU=241 (07 = 26

b
ot
Lad

—

L

,ﬂ
@4
i
|
Il
|
|

b
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(3, sin B < 0 = @ lies in Quadrant 1H or Quadrant TV, 4.

2. x = 3?}) mr e

r= =107 + 8 = V64 = 2/40 re JTTTGF = /30 = 310
. v 8 4./41 , vy  ~9 -3/
gig G = > = o e i B -
roo2J/40 4 P ™
oo% B o E B w¥}§}:~ o _f}j::ié:é ) . X _ 3 _ \/%
T 2J4 41 cos § = = = o =
. S ‘ -G
an 6 X - 14 % tanﬁx;mwi—:wg
4 /
csg B = r = \/:i cse 6§ = I_ _ /1
by * v 3
P
4 i~ 4E . -
Sacgz;ﬂ s secé‘?:‘zm W10
X
5
W | . :
cot 8 N cot § = .
¥ 3

sec B> Qandot 8 < 0
cos § < § == §lies in Quadrant [ or Quadrant 11 r x

- > Oand - < £
gin 8 < Dand cos 8 < 0 = §les in Quadrant [IL * Y

Ouadrant IV

. oot 8 > O == # lies in Quadrant § or Quadrant 111 16. tan § > Jandosc 8 < O

. & e i dre ek Y . ‘ .
cos @ > 0 = 8lies in Quadrast [ or Quadrant | Y . 0 and ff <0
cot & » Gandcos > O == #lies m Quadrant L * %

Cuadrant 11

@ Houghton Miffin Company. All rights reserved.,

. v 3 ‘ —4 )
Lsnf=t == am =25 9= 16 18, cos = m o o= |y = 3
ro 3 ¥ 3 -
fin Quadrant Il = x = —4 #in Quadrant I = y = -3
¥ 3 ro5 ¥ 5
sin = = = Tl el gnf === —= wh= =
i P ;73 sin # - : cse B 3
p X 4 g 5 g X / 5
Sk I e EER e e e IR SR e M f = e R LeC s
co p 5 §& y cos - p 500 p
; 3 4 P 3
an =2 = - cot = — = - tan 8=t == oot § =
X 4 3 x 4
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9 sind <G = v

tan 8 = A Fom 17

sin f e ose # =

seg f# o

X t P
cog = — = soc = — = -
r 2 X

3 cot = — =
N ¥ 3

23 oot s upndefined —» 65 aw

Pl gy om Ly oy

i ¥ T
giny @ = o = ) cie & = — is undefined.
I ¥

w4 cot # iy undefined.

20,

3
R
&
74

I
i
[
o
s
8

i

Tcos B

cse 8 is undefined,
oo 8= —

ot # is undefined.

31

24, tan Sisundefined and w2 # <€ 2o o=

cos @ 0

tan 18 mrlefined,
ose o= -]

sec # 1y undefined.

oot § = 0

28, 1o find 2 point o the terminal side of §, use any point on the line v = — . that lies in

Cadrans 1L (- 1, 1} is one such point,

@ Houghton Miffiin Company. All rights reserved.
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305

26. ( _— m—;x) Quadrant [IL x > 0

5.

32.

35,

27. To find & point on the wrminal side of §, use any

g {(—~x/3} 10
R VSTV 10
X -g~§m —x _ Wﬁgf;@
T /103 0

r (=130 1
P N ol 7~
X —X 3

r_(ViBgs3

WAT:

RO B o= — = e

(—1/%x
F 10x/3 S0
ser 8 = o om -
x —x 3

—x .

o
173

4
dx + 3y =0 = }"——gx

N
(xg ""“x) Quadramt IV, x » 0

gin § = = W T
“ E} x .,_,__;z___,_ _— _:%
e G5/%x 3
; —-4/3 4
tan @ = 4 ( -/ )x = -
x x 3

(e, 9 == (=1, 05

r 1
seC @ o= o = o
x -l
" i
csc O = — = — = undefined
v 0

(r.y) = (-1 0}
!

x N
oot = - o= == pndefined
¥

Tl

sgg o=

i} A

£ # 2
ot § = o
- 4

point on the line y =
{— 1, — 2} is one such point.

x=—~Ly= 2 r= V’(E

sin = ——= = —
> \/"E‘;

¥ W §
30, tan Za¥ a2 o undefined 3Molny =01
2 x 0 ‘
Amh x
. coti = o=
since 32: corresponds to (3, T} ?{ 2 ) ¥
. : 3 i
35 () = (L0 it cse Bl o= A—“%
; sin —
seg (o= o= o= Z
H
) o f i
Sé.wa,zwmz#1~§
Y

2x that Hes in Quadrant HL
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37 6= 1200 ! 38, 07 = 2750 - 1RO = 457
& = 180° — 120° = &°

= t#?/ At . e 22s

an
i . X

3%, f o= - 1357 15 cotermnal with 2757 48, 87 = —330° + 360° = 30°

S . . L, . - dar 7
43, 4= — = cotermrinat with ry &4, 4’ = S oy
k3 "
f?’ T e e e &
o 6 4
e

48, @ = 208° 4. f = 322°
g = 208° — 180" = 28° g = 3607 -~ 3227 = 387

€ Hougtton Mifflin Company. Al rights reserved.
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. as e ; 48, = — 165 Hesin
Guadrant 1L

g e o - Reference angle:
‘ B 65 o T o

[ : 1807~ 165° = 15 pets

T ¥

5
3
3
e
=
&)

4%, 4= = i coterminal with 3 B § = e o ;/;w =

¥
g = o
' 5
/”" N -,Vf;"‘-—-g
i

3. & = 1.8 Hes in Quadran T 2. 8 hes i Quadrani IV,

Reference angle: o — 1.8 = [.342 Reference angle: 4.5 — o= 1358

53, & = 45, Guadrant 1T B4 8w 300°F 87 = 3607 - 300° = 807, Quadrant IV

$in 225° = —sip 45° = - sin 307 = = sin 60° =~

ard
F

ook 2287 m e ppg 455 = - e cos 3007 = oo 6

tan 225° = @mn 45° = | tan 300° = —tan &0 = ~ /3

§ w 4G50 G = 457, Ouadrant HI

i24
Lo
¢

§ == - 730" s coterminal with 3307, Quadrant IV, 56

K

P AL e TUE 2= U - ) V/:/E'
7 = 360° ~ 330° = 30 Gl 495 = —sin 45° = —X2

N X i
sin{ 7307} == --gin 307 = 3 P

cos(— T50%) = cos 30° = L

s . /3
tan{~750%) = ~tan 30° = - T



308  Chaprer4  Trigonometric Functions

Sw . 3 3
57, 8= ER Cuadrant [V 5%, 8 = éﬁ! G = - mf - g
4 sm_m 3w V2
g4 = Jw T sip - =
3 ( J3 J2
sinl == = —sini —| = ——> e T et
( p ) } 5 oS p 5
Sy (L 3
L(}S{ 3 ) ““““ Q(J$<3) = an ‘M%ﬁ 2= e
Ean(—fi-i"} ‘‘‘‘ - MR(EE = — ﬁ
3 k) %) h
55, § = - Cuadrant IV 6. 4= S 6 =2
“ e 6,‘ LAGTHEE . = 3 & 3
. ( ar . H (*475"} «“,/fg
sinf —=—} = —sip— = —— sin s
sin \ 6} sin G 5 3 5
( T T 3 - 4?‘:“) - §
cosi - ‘) = pgyg = cosl g o
& 2

. W lﬁ}i 4
61, 4 = " Cuadrant I 61, 8~ m?;:_r iy coterminal with _5:,
itwr " Z 4
DRl Lol [ § =" ﬁ i CQuiadrant {11
£ 4 2 3 3
LS L S L e
COS = —eos = 5 §in ;= sin = 5
. Plar . T § Fgar » i
—— = —fap— = - COE T = (Y - T
A 1 ATt p 3 5
. 10 : ar 4
e T LR
an 3 3 <
Y T e T o DT, T
63 4= p s coterminal with . 64, 8= 3 g 3
L Iw T o ‘ [=20my - /3
g == g 7= Guadrant H] smi\. ) =
( 177y (’E“ _ 1 [m20m -]
sint 6 } ssn\ié} 5 cost )* 5
177 ' 3 -
cm( w?) = c%{ E) = BN tan{—-—zﬁg) = /3
{ E?Tf) [f e J3
> e ] —= t —— it
t&ni\ 6 zm\ﬁ) p

& Houghton Miffiin Company. Alf rights reservesl.
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309

B,

&7,

69,

LA e

iRt B+ cost B =]

costf =1 — ginl @

PTIL e S

cos? § = ——
cos A > i Quadrane [V

Cos o=

cge § = 2
b+ cot? & = cse? b
cot? § = cse? B — 1
cot? B = (=2 -
cot” #f = 3
cot § < Ui Quadrant 1Y,
cot @ = — /3

G
g £ oum e
t

P+ tan 8 = sec’ @

tan” @ = spnt -

b, cot = — 3

b+ cot? # == gse’ B

cse 8

ST =

7@" [Fi33] {% s e ‘{

H

i

Cadrant [V = osc 820 —-

Wy = cget 8
& in Ouadrant 11

cse 8
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: 2 o
7i. sin @ = 3 andcos # < 0= s in Quadrant .

73,

S A 4 /I
e B il o —— e LR
cos 6 S sint & \/ 53 5

sin6 2/ -2 =271
cos # ~J21/5  JI1 21

3 . .
. con § e -5 and sin & « G Gy in Quadrant T7

e 9  -J40  -2J/10
@;‘n(?ﬁV”i-w--ceszﬁm—.\/wgérx ?46:2 /T

7
sin ¢ ~2./16/7  2J10
cos 8 ~3/7 3
I3 3/10
wn f 2./10 20
r =7 =7./10

Tsin@ 2./1n 20

tan 8 =

cos 8 3

sin 6 \/2:5";

tan 8= —4dandcos § < O = §iy in Quadrant 11 T4, cot = ~Sandsin @ > 0= 18 Quadrant I
sec =~ /1 +anrg= —~J1 + 6= —J17 i -1
- tan § = M;{M} w2 “%”
Cos } i i - ~ A —
C " oy o — /__: =eTETT - . "d
secé VIV i ] sec = -1+ tant b= — \// P4 ;57 = ~~"~§—2;§ %
e % :
S 17 4./17 @
sin # = tan Heos @ = {w-é(wl“m = — - 2
sin f = tan 05 6= (740 =T ) 17 g b D3 =336 e
e YT ecs s 26 =4
coc § = i . 17 . ~ I’? hd ) s
YT dne 4,17 4 o foos f = ,;;_L) -5\ JI6 3
RETEREES VTS A e ) T 2e g
cot & e mjw — i ) £
T e 4 1 — 3
an 0 o5 @ = - V26 E
£
=
5
S
[o:5)
2
o
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T8, cso f o

i

&l

Bé.

B9,

~oand tan < O == 815 in Quadrant [V,

sin 107 = 1736 78,

#1.

i
-
L
e
A
i

cse 3240 =

cosl— 2807

w5 7ERE

Lhar .
tug —— == 3L,R3G1
G

{a} sip 8 = ooy reference angle 5 307 or

“ and #1s tn Quadran | or Quadrant 1L

Yaiges in degrees: 30°, 130°

wod

Values 1o radian; -~ -
6 6

By gip @ = —— = peference angle is 307 or
»} s

g
(2}

Z and §i¢ in Quadrant 1] or Quadrant IV,

Walues i degrees: 20, 330°

) T tlor
Values i radians: mg,;‘ s

&

ser 235° =

T4,

|

cos 235°

cos{— LHF} = — {3420

4 ! . ‘
see f o= ~3 and cot # > O =2 # s in Quadrant L

, : 9 ST
Gin b - - . A
i 16 4

] i W
LG FF TR e T e e == .

sin g P4
N i e
o cos # —4/4 3

. tan Z45% as 21445

82, cot(—2200) = —

tanf — 22_0?}

e - 1.1918

= 30860 85

e

mn(%) = (3 HAGT

\

e
88, mg{ 2T g0

14

- i reference apgle is 45 or

" 2 gyt - ¥ 5
7 and s in Quadrant L or IV

Yalues in degrees: 437, 315

L 7 T
Values in radiang: i{,‘ ‘‘‘‘‘‘

s , W L . . s
by cos & = - = reference angle 18 457 or

A

[f* and # 19 in Quadrant I or L
4

A7



312 Chapter 4 Trigonometric Functions

91, (a)

(b

@3, {a)

o2 f le is 607 92. ¢ = -2 6= o
W B = o X § i . ~ = - i m
CEC 5 =»  reference angle 1 or a4} cse SN \/E
T )
3 and § is in Quadrant 1 or Quadrant 1L Reference angle is 45% o il
: . y T
Values in degrees: 607, 12¢° Values in degrees: 225°, 315°
, . . w2 Su T
Yalues in radians: —, T e ol 1
373 Yalues in radians: 0 h
cot § = — 1 = reference angle is 45° or ‘ »
hy esc B =7 = sméﬂg
z and #is in Quadrant I or Quadrant IV,
4 . . -
Reference angle is 3 or M.
Values in degrees: 1357, 3157
) Values in degrees: 307, 1507
Yalues in radians: _ef; “:{ - S
- Walues in radians: —,
6 6
2.3 . _ . -
sec B = _,__;;;_ = reference angle is % or 94. (a) cot = — /3 = i‘?s—g = =3
sin
30°, and & is in Quadrant [T or Quadrant [H.
.o .
Reference angle is zor 300
Yalues in degrees: 1507, 2107
G 7 Values in degrees: 150°, 3307
ar
Values in radians: —, —
&7 6 S iw
Values in radiang: —, ———
687 86
cos § = = reference mgh is = or 60",

{b) Values in degrees: 453° or 3157
and #is i dev*&m for deremt i

Values in radians: : or E:
Values in degrees: 120°, 2487
. ) . 2w 4
Values in radians: w;;"‘ ";5
T RV R T STV /3
95, (a) A8 + gl = sin 307 + cos 3 = =3 + = =TTy (@ sin 30° cos 30° {\2) 3? - %"
E 1t
(B cos 35— sin 30° = L—z mmmmmm - fe) 2 sin 30° = 2(5} 1
N 3
(¢) feos 30°P = { =~ == (fy cos({-30°%) = cos 30" = e
2 4 9
o . L ) A1 A+ 3
%6. (a) fl8) + (8 = sin 60° + cos 607 = 3—“5— + ST Ty (dy sin 60° cos 60° = % )(%) = _i‘é:
VRV BV S T 3
(b8} cos 60° — gin 607 = 5 ;2—— = - 5 {ey 2sin 6 = 2{“:“ = /3

()

lcos 60°F = (EY = ¢ 607} = cos 60° = 1
o V2 4 (fy cosl ) = cos 607 =

© Houghton Mifftin Company. All rights reserved,
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o8,

449,

R

. (&) fl8) + glé) = sin — + cos P :

(a} f(8) + gl = sin 315" + cos 315° = ~=5 + ‘i} S =00 (dy sin 3157 cos 3157 =

{b) cos 315° ~ sin FERT e e e W} = /7 (e} 2 sin 315" =

; i
"oy feos 315° Dol S Y pogl 3155w oeasl3159 = L2
{e} jeos 3157; {5 5 iy cogl—3157) w com[31] 5

(a) f(6) + g(B) = sin 225° + pos 225° = — :}Ei A
-
o . " ,;12 - /25
(B} cos 2257 — sin 1257 = f (:’} = 0
V - ( = \/j:} iﬁ%z } ' . e
tc) fcos J25°F = e fey % sin 725° = 2 - 3
4
. . o s 7
(6} cosi—225" = cos(225% = — o2
}T‘; hhhh ! w;’:;”
2
-1 - V’{
€ 2sin 150° = 2{ 4] = 1
ey Tain 150 = J) =1
3/
() cosi—150° = cos{150°) = “m;m
; —
3 // 7
14 s i [ )
(b cos 3007 — sin 30607 = o i—-'::—*‘-
£ L2

b

(e} leos 300°F = { ‘ ;; _

3

[N

(8 sin 3007 cos 3007 = {

:

A Tw NE _
By cos i Sin T Ty { j) i — -
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S 50 1 —J3 1~
“ . { w —_— — s
162, (ay fl6 + ¢8) = sin : + cos = =3 + 3
h cos :f.ii . Sméf: — M:“;;‘[‘;m — E. e _:_EW:M.?:E
o & & 2 2 2
o Lo 22 L [3Y 23 '53_(_3)_
{c} ng 6} w(\ 5 ) =3 {ey Zsin < 2 2)
Cosw sy 1y -3y -3 Al (;»5 -3
{dy sin ; Cos g <2}< 5 )w— P {£} ws(‘ : )— ms\ p ) = 3
\ 4r 47 =3 1 1= S
03, (a3 F(6) + g6 = sin 3 + cos 3 =5 5
(b} cos 5 sif A1 (y /3 V3~
Ty 2\ 2 ) 2
4wl RIS ~ /3
ey teps i o= L —ml == ST BN A1 S
{c} {m@, 3 T L 2) p {ey Tsin 2( 5 ) W&
@ s 3T o AT ( VAR S (24}~ cosf 4}~ -
{dy sin 3 Cos FR )( 2) ) (£} cos ) CGS\ 3 ) =5
104, (a) F16) + g6 = 6in 2T 4 cos:?i L I/3 - 1= 3
3 3 Z P
(by cos 37 g dm_ Lo =3 L V3
3 T, 2 2
. ( iyl Sm_ (=3 _
{cy {ma 3 ; = ‘2) =7 fey 7 sim e Z( 5 ) ~~~~~ \/'g
Sw 5w (m SV =3 ( sg (m) ]
{ gy e S0y — b b e e Gf e | e
(dy sin ; Cos 3 w )EZJ' p {(£y cos | cos 3 5
P05, fa) A8 + glf = s 2707 + cos 2700 = ~ 1+ G = 1 feby gin 270° cog 270° = (- 1O} = O
By cos 270F — sin 270F =G ~ (— 1 = | (e} Zsin 2707 = 2~ 1) = 3
ey feos 2716°F = 0% = ¢ (fy cos{~270°) = cos(2FF) = §
106 (a) 8 + gl = s 18" +cos 180" =0~ | = ~ | ey sin 180% cos 1807 = 0{~ 1} = O
(b} cos 180° — win I8 = —1 — 0 = —1 fey 2sin 180" = 2{0) =0
te) feos 180°F = (— 1) = 4y cos{— 180°) = cosl1807) = —
107, {2y f16) + glb = sinzg + cas;zzz S I (d} .sin%zc{}g%qz = (—1HO) = 6
T Tar
) u}f-;“ ---------- xm--é-" O—{—1}=1 (e} 2%?— -1 =
P - e o
(cj E.CQ& Zj w3 = £y cos( 5 } cos(wi) =

© Houghtor: Mifiin Company. All rights reserved.
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g ] N 5 NP, )
108, (a) fl8) + gl6) = sin %— + cas%:;: =1 +0=1 (d) sznggces w’f = (1H0) = 0
{b) cos ﬁ::t - siﬁ% w - | om — ] (e} 2 m%”f = {1} = 2
[ syl - (wﬁrgk (5#‘
(% | oong S— = (R = 3 I e Ry e b
() E,C% ZJ (¥ ity coak 5 j% ws‘ ZJ £
. . ¢ T
109. 7= 495 Mmbx i }
(ay January: f= 1 = T =495 + 205 5:03(3{?}* - %J = 20°
by Fuby, r= 7 = T = 7
{cy December: = 12 o T == 31.75°
. ) ra m\
118, & = 231 + 044727 + 4.3 Sm{“g”), t = 1esJan 2004
\
-
() SU1) = 231 + 0.442(1) + 423 Si;:{g) = 38,7 thousand
(b1 S{14) = 33.0 thowsand
fcy §(5) = 27.5 thousand
(d)y 5(6) =~ 25.% thousand
Answers will vary.
‘ & & , . N . )
111 sin 6 = — =» g mm — 112, As #increases from 0° 1o 907, x decreases from
sin 12 emote O om and v increases from O om o
{2y 8= 3 12 cm. Therefore, sin 8 = v/17 increases from O
p 6 w0 1, and cos # = x/12 decreases from 1 to O
d = ——= = —— = 12 miles Thus, tan 8 = v/x begins at 0 and increases
sin 30° - {1/2) without bound. When § = 90°, the tangent
(by 8 = 907 is undefined.
6 6 ,
d= Gnor 1T & miles
) 8= 1200
d = —:—-—é == .9 miles
sin 120°
113 True. The reference angle for § = 151% 114, False. —con = —~{—=1} = | and
6 = 180° — 151° = 297, and dine is positive L
in Quadrants [ and 11 o
cat.{ 2) == e ]
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= 3 . [ )
5. @) g ov Lo Ja e e
sin § 0 (.3420 | 0.6408 | 0.8660 | 0.984%
| sin{IR0° — 6 & | 03420 | 0.6428 | (08660 | (L9848
(b) It appears that sin 8 = sin{180° ~ 4},
iis. o . o
Function | sinx L% X tan x
Domain | (oo, oo} | {—oo, oof | All reals Q‘iﬁ—ié:&ig?i.‘;{ + nwr
Range [—1.1] E—-1,1) {—on, oo}
Evenness | No | Yes Mo
Uddness | Yes Mo Yes
Period L Zar Zar T
[ Feros nar T4 R I i
. 2 |
Function | oscx | sEC X L cotx
Domain | Al reals except nw Al reals axcepiwg + mor | Al reals except nw
Bange {~co, — 1L, ool {eom, ~1TUTLE oo} {—oo, oo}
Fvepness | No Yes Mo
Oldness | Yes e Yes
Periad 2ar Lar T
Zeros Mone Mone ; A g
Patterns and conclusions fmay Vary.
117, 3x - 7= 4 118, 44 — 9x = &1

115,

Fx o= 2

w3

X o=

W2 5= 0

24 ST -

P

e 3449, x = - 1 449

§20., 2;,{2 D 4 e E}

4 4
x == }.186, —~ 1 688

& Houghtor: Mifilin Company. All fights reserved,
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121 ;“f?”g = %g 122 ; - fgﬁ
37 = {x ~ 1x + 2} Pox = x* 4 4x
2 x- 29 =10 X = Bx =0
I R S kA xx — 6} =0
2 2

. 45043
123, 4370 = T8 124, ——— = 50
“i‘ gl
3o x = log, T26 GO = 4 4 o3
In 72 o -
£=3 - log, 726 = 3 — 28 g5 86 = e
- ind
2y = In 86
i
X = _"i-Eﬁ B == J 27T

i25. nx= —6
= 70 = 0002479 = (0.002

126 InVx + 10 =2inlr + 100 =1 = Ilx + 10} =2 = x4+ [0 =¢ == x=e — 0= 2611

Section 4.5  Graphs of Sine and Cosine Functions

You should be able to graph v = asintbx — ¢} and ¥ = acosthy — o).
Amplitude: |al

; Za
Pericel: —

Shift: Salve by — ¢ = Oand by ~ v = 27

) i o
Key increments: — (period)
4

Vocabulary Check

oy N
1. amplitude 2. onecycle 3 ;:éf. 4. phase shift
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EFy

) = sinx

{ay rimercepts: {— 2, O (- 0L (0L 0L (7. )

(b} y-intercept: (6 O

/

{c} Incressing omy | —
Decreasing on |
{3y Helative mavima:

Belative minima: | -

Fixl = cosx

{ay x-intercepts: | —-o-, U

(b y-inercept: (6, 1)

%

{

AREEa
ARk
P AR A

o 5 a"""g: ~1 }

*j}ﬂ,@ Sl

(¢) Increasing on: {— . O}, (, 27}

Decreasing on: {— 2o, — ), (0, w)

(d) Belative maxima: (—2m 1), (0, 13, (2m, 1)

Belative minima: (o ~ 1) {7, — 1}

v o= 3an Ay

. 2
Pepiod: — = @

Amplitude: 3] =

: x
y o= o8 —
2 2

Period: = = 2
-

Ampiitade:

i
i
1
i

Y

Hmdn = -
Mmax = 29
Heck= /7
Ymip = -4
Ymax = 4
Vecl

Kmax = 4%

ool = o
Ymin = -3
Ymax = 3

4.

v = 2eos dx

_ L
yo= —3sm 3
_ Za

Periad: f;ﬁ we

Armplitude: [al 5

2 2
2w
Perigd: —

Amplitude: |

Wimax = 3

Yol = |

Xmin = -6y
Xmax = 6
Asele=
Ymin = -4

P Ymag = 4

L Yeel=

TR

& Houghton Miffiin Company. All rights reseved.
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31g

iz

i7.

19,

21

23

25,

Sectivn 4.5 Graphs of Sine and Cosine Functions
2x i pa
y = —Zsinx 0 oy o= —cos T 11 g/;.,zm%‘g
Perigd: = Zar ., da Zar Jar
Pertod: —— = —— = §q srods e e Y
2ric P 273 " Period: 73 3
Amplitude: |[-2] = 2 "o
e fpl e b - |
Amphitade: gl = [~ 1] = | Amplitade: {”E b
4] 4
B i ; . 3 Z,
o= gcmi 13 v o= gsmﬁm" ¥4, v = ;o8 ﬂgg
2w Im . Zar . 2ar
Cpriods = iod: T = o Period: =~ = = = 24
Period: , §/4 = Ry Perio il SO A "Tj/i?

Amplitude: Jaj = =

il = sinx

glxy = sinle — 7}

The graph of g is & horizontal shift w the right
7 units of the graph of £ (a phase shift).

Flx} = cos 2x
gley = —cos 2x

The graph of g is a reflection in the v-axis of the
graph of £.

flxd = cos x
glxf = —Scosx

The graph of g has five thnes the amplitude of 7,
and reflected in the raxig.

Flx} = sin Zx
gly = & 4 sin 2x

The graph of g 15 8 vertical shift upward of five
units of the graph of £

The graph of g has twice the amplitude as the graph

of . The period is the same.

The graph of g 18 a horizontal shift 7 unis o the

right of the graph of £

Amplitude: !i i
i

6.

i8.

22,

6.

L flxd = sin o, plxd =

.3
Amplitude: la] = 7

Ffx) = cos x, glad = coslx + o)

g is a hovizontal shift of o units to the lefr.

Flx} = sin 3z, glx} = sind—3x)

2 is a reflection of f about the y-axis.
{or, zbout the x-axis)

i

The amplitude of g is one-half that of £ g is 2
reflection of fin the x-axis.

fley = cos 4x, glx) = —6 + cos 4y

£ 18 a veriical shift of f six units downward.

. The period of g 15 one-half the perind of £

Shift the graph of f two units upward to obtain the

graph of g.
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2 fley = sinx 28, flx) = siny
Period: 2o

X
Ampiitude: 1 E

glx} = sin :*g

glxy = —dsinx

e
s
&

b |
~

Period: 2w

Amplitude: |—4 = 4 sinx | B

o
~
Mot
i
—
o]

P 5it 3 £ ; 3 £ 5
7
i
z %

B, flxi = cos x 3. oy = 2eos2x

Pericd: 27 glxt = —cosdx

Amplitude: 1

Il
o ey
I

gl = 4 + cos x s a vertical shift of the graph of x 0

Flx} Four units upward.
ZeosIx

¥

—cosdyr | 1 11 -3 i

3. Ax = _53111 ﬂy

A r
Period: 4 \f\w
Amplitide: L
mplitude; -~ St ‘ ]
p 2 VNEW i I }‘:r £
glx) =3 - 5 St i the graph of fix) 3y
2 z e

shifted vertically three units upward.

& Houghton Mitltin Company. Al rights reservad.
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32, flx) = 4sin wx

glx} = dsinmx — 2

1 s
x ol I S S I
1y 5 b 5
L flx G 410 41 G
g{;{} -2 42 -2 =6 -7
34, flo) = —cosx
gla) = — we‘;(x - E}
5 2/’
iomw 3
x & 5 7 > Zar
—cos x| o [ HER IR —1
—Casty — o G et G {
u}%gx > }
36. flx} = sinx, glx} = —costx + ;}
X i é: ar %ﬁ 2or
: sin x G110 -1 0
ceoslx+ e 1o | =10
Y !

33 Ax) = Zcosx

Pertodd: Zar
Amplitude: 2

gley = 2 cosix + w)is the graph of fix} shified
7 urits o the fefy,

38, fla = sinx, gla) = ca}s:(x - 31;}
. ( 7
SIF X 5 COSLX — 7 m}
AN 2 /
Period: 2w
Amphitade: 1
JANN/AN
2 5 2
K R
2
£
/fr\ Iy
3 % an
E \\__, ﬁ(‘\_/
-3
Conjecture: sinx = - ms( x + “;“}
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41, v =

. o A ) (7’:“ %
gley = —sin(x — = = sin{ — — x) = 0% X

Thus, fix) = glx).

Period: 2w

Armplitude; 3

Key points: {0y, 0, f ;T 3 j:? (m 00 1=, =3 i] {(Zar, %)

Perigd: 4w
Amphtude: ]
Key points: (0. 13, (o, 0, (2, — 1) G O], {4, 1)

IRl = cosx, gl = —eosly )

L

Comjectore: cos x = —oosly — )

i
44 v = ; CO% X

Pertod: Zar

Agnplitude: i

42, v = sin 4y

. e
Perioet; — = o

4 2

Amphitude: 1

wi T

& Houghton Milin Company. All rights reserved.
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43

44,

45. y

46.

y = sm(){ -:{); g1, b=, o=

FPeriod: 2w

Amplitade: |

w
Shift: Setx ~ — =
4

e

B
o
Senzpe

Y

: ("”ﬁ“ L3
Key pomnts: 1 0 -

v = ginlx — ol

Horizontal shift # units 1o the right

| e
i
30

Period: 2w

Amplitade: 8

/ 3 % N f‘q;-
—8).f -, 0L (0.8), SR C

/ ; W4 i

Key points: (—m

1

Zarx
-2 gip o

/ 5
y o= 3 Cié'}f%iﬂ :}5 47, y =

Amplitude: 3 Amplitude: 2

Far

Period: ——rm = 3
PN

Horizontal shift ; anits 1o sthe left

ANAR

Yy,

&
o,
|
ey

/o .
Mate: 3 z:oszg,r + A;} = —3sinL
7/
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48, vy = 10 ce:}@*g

it

-8 -% f iﬁ EI
Yol ‘J

-1
1. v o= o= coslo )
3 L2 4/

2w
By LUy, e
Perind: 2 EY
N o
Y

I e

54y = —dsinl 2~ 7|

Amphitade: 4

Pertiord: G

2
Vs b
o " \‘e
; _\.bziw{n -
A WA

87, v = Ssinler — Ly}
Amplitude: 5

Period:

e
49y = 4+ Scos s

Amplhitude: 5

oy
Period: Trr:/":‘:j/": =

81 v = —3coslby + m

Amphitade: 3

Period: — = -

& 3

EES

A\
VARVALVERN S

3

ki

L
i

Aamplitade: |
Period: !

B8 v = Scoslw — 20+ 6

Amplitude: 5
Period: o

’/ ‘x\% “x\a
J VA

%

Cop o= c»c;s;{%rx - 5} + 1

27
54, y o= Wzsgn{f

Amplitude: 2

2
Pertod: 2#;% =3

ng _‘_g,‘ = 2 "’tf}{ﬁj - ﬁ‘}
Arnplitude: 2

-
Period: —
G 7

- p’; Iﬂi f%t ﬂ% .
W /

56, y = 2 cgs;( %% +

AR

Armplitude: 3

Period: 4

&

59, v = o sin 120wz

Amplitude: i;g;

. I
Period: &

6o
I f/—\a I+ S
180 ‘»\\“/ TR
.02

[
/
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;;; cos{ 50t} 61 flx) = acosx +d 62. fxy = acosx +d
i | Amplitude: [8 ~ 0] = 4 Aplinde: e A
Amplitude: e ARpPHTIGE: > I AR =

Gy =

_ t Since flx} i3 the graph of Heflected in the x-axis:
Period: o2 glx} = 4 cos x reflected about the e
x-axis and shifted vertically four e
564 units upward, we have a = —4 e R s - I

_ ; and d = 4, Thus, g

~£.05 - i ) et = ey A 4
1%1 % fxp= —deosy + 4 v = ~3 - cosx
i {

=4 e & pom X

63, flx) = geosx 4+ d &b v =acosx v d 65, fler = gsinfhy — o}

) . L i Amplitude: o] = 3
Amplizude: 5{7 —- {81 =8 Arnniitude: = plituder |

Since the graph is reflecied

Graph of f is the graph of Period: 2w about the x-axis, we have
2lx} = 6 cog x reflected about the : a = —3

x-axis and shifted vertically one Reflected in raxis, g = — 5 3

unit upward. Thus, Period: ey = g oamh fowe D

flzy = —6cosx + L. 4= —4
Phase shift: ¢ = §

i .
y o= -4 - 5 Losx Thus, flx) = — 3 sin 2x.

66 v = asinlbr ~ o) &7. flx) = asinlby — o)

Amplitude: 7 == a = I Amphitude: g = |

Period: 4o Period: 29 = b = 1

27 Phase shift bx — ¢ = 0 when x = —
B 2 S : 4

;s

iy \}
v o= F sl f T
(2’ Thus, fix) = ‘:zﬁ(f T L
4/

68 v = asinlhx — ¢ 89, v, = sinx
Amphitude: 2 = a = 2 .

Pertodd: 4
In the interval [~ 27, 27}, sin x = —% when

. R {g k= )"hj
7T S Tw llw

Phase shift; — = —1 == ¢ = —

w5

B =
/ 3 3 o
Cfwr ow
s = 2 sinl 5 L T A e
V2 Z7 .
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T8y, = cosx

¥ =y, whenx = o, ~ .

AN AN

i
7E 5 = 7450 + 43.75 cos -%«

{a) 124

7

]

fby Maximum sales: December (r = 12)

Minimum sales: Jupe (r = &

74, P o= 100 — 20 cos 5{5

. L 3

L el
Periex /3 4
lheartbeat 4

(3/4} 3

e ’
78, ¢ = 303 + 216 »;m{%; + m@j

Period: 2 = — =7~ 3654

a} Period: — = ———— = 355 day:

(@) Feriod = G a369) e
This Is 1o be expected: 365 days = 1 year

b} The constant 30.3 gallons is the average daily
tuel consumption,

wt
78 v = (85 sin 5

(a} 2_

I

-

=3

. . . 21 )
(B} Time for one cycle = one period = ;}% = 6 seg
Y

&l
(e} Cycles per min = o = [0 cycles per mun

(d} The period would change.

(b} Minimum: 30 ~ 25 = 3§ feet

Maximuam: 30 + 25 = 55 feast

4 . , : .
heartbeats/second = 80 heartbears/minute

()
Py
O\

Consumption exceeds 40 galions/day when
P24 5 x & 252, (Graph O together with v = 40)
{Beginning of May through part of September)

365

€ Houghton Miffin Company. Al rights reserved.
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Th. {2) Yes, vis s function of  becawse for each (¢} One model is v = 035 sindorf + 7.
vatue of § there corresponds one and only ”

one value of y dy ¢
{by The period 15 csppramma&z N
OS5 ~ (LI25) = 05 seconds. - -
The amplitude is approximately i o
$(2.35 — 1.65) = (135 centimeters.-
T (s s (h
3 3.4
1S [EXS
i L3
2 L @ &
46 e !

(b3 v = 0508 {02090 — 1336) + 0526 The modet 4 & pood fin

( . =E .06
(d) The period i o 2 [} 5 .06,

{e) June 29, 20017 is dav 545, Using the model,
y == QZET08 or 27.09%.

TR, () Aff) = 1973 50472 — 174 + 702 {dy MNantucket: 58°
{hy = > Athens: HL2®
-
d The constant tern (4} gives the average datly high
Wﬂ')‘ 3
emperature.
¢ L, . s . Zar .
& {e} Periced for Wiy = ?5“"7—?} s 1R
(Zar/ ]
The model somewhat s the data. 5
- Period for Aly} = S &
{cr &= J 3472
/{ . i ) )
¥ \\ You woukd expect the period to be 12 {1 year).
,_,Mf K {fy Athens has greater vaniability. This is given by the
0 bttt i 12 amplinude.

The model is 2 good it

. .. 2w 2 ) . _ o
e Tree. The period is %/;5 = "“"7; 8%, False. The amplitade s - rzw of ¥ = 208 1,
81, True 82, Awswers will vary.
83, The graph passes through (0, 0) and has period o 84, The amplwde is 4 and the period 2o Since

Matches (e, {0, —4} is on the graph, maches (a),

8%, The pericd is 4w and the amplitde is T, Since 86. The period is ar. Since (0, ~ 1) is on the graph,
00, 1) and {w, 0% are on the graph, maches (¢, matches {d).
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87. (a) hix) = cos®xis even. (b} Alxy = sin® x is even. {ey h{x) = sin x cos x is odd.
[t
/,.r i3 o 3 "
2 . Z

B8, () In Exercice R7, flx} = cos x is even and we saw that Alx) = cos? x is even.
Therefore, for flax) even and Alx) = [f{x} ¥, we make the conjecture that k(x} is even.

Therefore, for glx) odd and R{x} = [g(x}]% we make the conjecture that hlx] is even.

{c} From part {c) of 87, we conjecture that the product of an even function and an odd
function 15 odd.

89, (a) by
X = ~0F | ~001 | ~0008 WI\T
. |
2L 08415 | 0.9983 | 1.0 10 / |
) [1%:3
[ x o - 0.00t | 001 | 01 I  dingx
— As x—0, flx} = ‘---‘—-;w approaches 1.
SR Undef. | 10 10| 09983 | 08435 :
+ _ §in X .
(c} As x approaches 0, — approaches L.
90, () | - =1 — {61 — EL001 S S TR
1
— 4597 | - 005 L 0005 | 00005 y e
g
0 0.000 001 01 |1 S
P cog ) i ) o ‘ L b cosx
S Under. | 0.0005 | 6.005 | 0.05 | 0.4597 As x~3 0, :——X approaches 0.
& E
{— cos .
{cy Az x approaches 0, — E_"m i approaches §,
- X“f
1. (a) T {oy Next term for sine approximation: ~ b
T3 fﬁﬁ(‘ N ”ﬁr £
/“k, S Mext term for cosine approximation: A?‘;e
h 2 iy
T

(b') ]
il:. { . /\zs \\, S 2y IE\‘ / / 2%
NVNKI ™Y |

@ Houghton Mifffin Company, All rights reserved.
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379

8%, (a) sin{l) = 08415 () cos{—
.

(b} xm(é} = {1,47494 (e} cos (

L ] Y
r b

(c) smig) = (3827 (f) w(

In all cases, the approximations are

4.

Section 4.6

s — 7 5027

1) = 0.5403 93,

‘*:i

} ~ 67071

= (FETT6

E\le

VEIY AeCHTale,

45,

5 = 55 18%)

7. Answers will vary. (Make a

.
T ®(2.7)
& =
ol
oL
N
[ RTER A
; .
3 - i
7ok
Slope = ——— =3
T

- | = 487.014°

"

v Drecision}

Graphs of Other Trigonometric Fonctions

B Youshould be sble o graph:
v o= g taniby — ¢}

y = asecthx — ¢}

or y = asin{by — o) since

v o= g ootlhx o)
v o= g esclbe - o)

B You should be able to graph using a damping factor.

B When graphing v = asec{by — cjory = acse{bx — ¢} you should know to first graph v = a cos(by — ¢}

{a} The intercepts of sine and cosine are vertical asymptotes of cosecant and $ecant
(B The maxirmoms of sine and cosine are focal minimums of cosecant and secant.

(<) The minirnums of sime and cosine are jocal maximums of cosecant and secant,

Vocabulary Cheek

i, vertical

2. reciprocal

3. damping
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i flx) = tan x
(a) x-intercepts: {2, 04—, 03, 00,0}, (. &), 2o, O) by y-intercept: (0, G)

7

: _ Jar 3- ' r A\ (A elative exirems
{c} Increasing om: ( —Zm, —g) ( E;E, A;) (mg g) (g L;EE’) (”’f“ 27@) (d) No relative exirema

Never decreasing

. T
{e} Vertical asymptotes: x = —— )

. Flx} = cotx

ooy w )
ay x-iptercepts: | —— 01, | ~ - &), !
(a} x-in iy ( 5 ) { 5 ’
¢y Decreasing on: {—Zm, — ), (— o, O3, (0, o3, (
Never increasing

{e} Vertical asymptotes: x = ~2m ~m 8, w, 2w

o flx) = gec x

{a} No xrintercepts
(b} v-intercept: (0, 1)

{c} Increasing on hxervais:

Dlecreasing on intervals:

IR

iy
A 2 S
(dy Relstive minima: (=2 1), 0, 1), (2, 13

JT\
bt
\-iﬁw”

Retative maxima: (—, — 1L {m, — 1)

2w ow 3w

(e} Wi B T T TR
3 Vertical asymptotes: x s 3Ty

i
-y = tanx

L

Period: w

(7o) (“ifz
203 *{})

by No y-intercepts

{y No relative extrema

4 flxy = cscx
{a} No x-intercepts
by No y-intercepts

{c) iﬁcmaﬁing o intervals:

Decreasing on intervaly

| ~2m - %’”) ( -z 0} {i; 3) ( i 2»?«}

{d) Relative minima: | oy } (:ff“: ;)
i \\
Relative maxima; (m:i — 1) (Q’;‘ ]_)

ey Vertical asympiotes: x = Lo, =2

i
6. v = —tanx
¥ 4 '

Period:

) 7 7 . o
Two consecutive asympioles: x = -~5 angd x = —2~ Asyroptotes: x = & Py
T el
e I I
4 4 ¥
2
b ] H
} 1 il t q i oy
R 0 P ¢ s il ion a
T2 2 : AN, s o s
e J 2’ p| - : 3 jT ] :
H i k i
; k e |
i
- i
k.
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7.y =~ Ztan 2x

o T
Period: 5

Two conseculive asympiotes:

8

e i
st o e X o= —e—
2 4 ' B
1 k) t H
1 k] 1] i
’}"3“ 1 H - t i
Iy = ooy g o e ! : . !
4 \ i P RT :
AR TS N W
i W k4 \
T kil 4 +oL 3
x b L0 ; ; i
g g H d = [
d [ 1
] b5 -t 3
v iz G -2 S '

G,y = —iseck
. 1
Graph v = 3 cos x first.

Period: 2w

11

One cycle: Oto 2w

it

o ogec x4

Period: 2

Shift graph of sec mx
down three units.

i4.

13, v = Jese

e H i
i |
X e
Graph v = 3 sin — first, | :
1 I
1 I
2 E wix*?yx

I

y = —%tan 4x

¥ o= é&m‘: X

Period: 2w

T o

16 it

- (L.828

&
foEE = ORE T
¥ 3

Period: ~ ;
sried: s = :
{(1/3}

Asyraptotes: :

x =0, 1= 3 ;

X o Zm d

y | ~1.155 1 — 1155 |
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fa

-t

b | o
)

i

1/Z

Two consecutive
A%y mpiotes:

17, s

P"“"“E}{fi ,,,,, Ei» - 4’,
Y ":’2”/4

Two consecative
asymplotes:

(e T

B e S Y

HE W
e 2
A 2

B9, v o= Zogecily - ol

P

21, v o= oselor ~ x}
Crraph ¥ = sinfer

Period: 2w

L i
Y121%] 2

6, y = 3cot wx ¥
o it
. w o I
Peripd, — = | o i
" + t H
. )
Asvmptotes: . I ; E ;
i Fa =3 IRE
¥ o= {} o= 1 ' :
| f 3 ¥
i H
: oL

e

8. y =

Ferind: |

Asympiotes:

¥ = o, =

t3
ot e

Moy o= ety v ow

Pericdd: 2o

Asymptotes: X

€ Houghton Milllin Company. All rights reserved.
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22,y = pscf2x — =)

Period: %; = gy

I \
4. v = Ec&t(x + o}

Period: =

nals
f\“
RNy
v’;/

R

[SIE

25 y = ZoseBx =

Z
Period: -—;—E

g

/ -
23. y = Ztﬁt{'x -------- 3)

Period:

Two consecutive

asympiotes:
T

R I
2
-

R - 4
2

et
Tk
o
fun
!
o

sﬁ;{ 3x) 26.

—eseldx — m)

-1

sinfdx — w)

et
i

1 ,
o - o s .
o -
P i~ ~
a =
3
i -
. _ RPN e,
‘ z z
e u)" = \».(/
o .
-1 -
i 1 wx oy
28, v = —seo xS e 2, vy = = seqt—— 5]
4 4 cos wx L2 27
z _ ]
R .. o %C()57'+'—2“
- P . < =
Periad: 4
=
2z
s .“, s
i : £ ki)
'\. ; Fas :/"‘: i
-2
2
TR :

5
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3, oy = %s:,gz:{?,x — ar} 3L tanx = ]

Lt

3L cotx = — 3, apo oy o= — 0

The solutions appear (o be:

Tor o B 1lar

5 & 6 8
{or in dechmal form — 3665, ~0.504, 2618, 5,760

e

3, csex o= 2 35, The graph of Sl = sec x has v-axis symmesry,

g : Chus, the function 1s even,
ihe solutions appear to be: Thus, th fom 18

{or in decimal forme — 5498, —3.927, 0785, 7.356)

36, flx} = tanx 37. The function

tap{—x} = ~tan x . g j
- S . sin 2x
Phus, the Tunction 18 odd and the graph of v = tan x
i symmmetric with the origin has arigin symusetry. Thus, the function is odd.
3. flyy = corly 3, v, = anxoscxand v, = |
Flox = cor{ — 20}
cosl —Zx} cos{2xl o
— —__ e f{ ¢ - 5

Cosin{-2x) sin{Zx) 7

Crdd

INot equivalent because v, s not defined af O,

SiR X CARC X T 4in z! wo b siwx w {)

4&0 };3 _ %“‘i P ¥, = tam x Y. = "'““"" g,md 7‘\,‘2 OO X o=
&

4
o : o O08 X -,
T g = e an W

SHY X :
th ‘

4

© Houghton Millin Company. All rights ressnved.
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42, y, = sectx — 1y, = tan’ x

Ml

Ay,
It appears that v, = y,.

i

1 tan® x = sect x
tan’ ¥ = seet x - |
44. flx} = {xsin x|

Matches graph (a) as x — 0,
Flxy =0, and f(x) 2 O for all x.

y

47, flxy = sinx + Cos(x + ;:), glx} =0

flx} = glx)
The graph is the line y = O

49, fix} = sin’x, glx} = %53 — cos 2x) 6.

Fley = gla

£3 flx) = xcosx

Asx — 0. flx — O

Oddd function

f( 52?‘?; =0

Matches graph (d).

45, glx) = |xlsinx
Asx o~ 0, glx) — 0
Odd function
gl2m) = 0
Matches graph (b).

2 glx) = Zsinx

That is,

53

feg

IAVAVAVATE

81, firy = e ¥ pos x

Damping factor: e™

x = oo, flx} - O

83, hix) = e icosx
Damping factor: ¢~ */4

by Oagxy ~» o0

48. flx} = sinx — cos(_x + 7}7{)

feg It appears that flx) = glx).

s 2o

. s
Flx) = cog? E{

‘ i .
2lxy = 5 {} + cos wx)

g K-y koo, glxd -5 0

46, glx) = [x] cosx
Even function
Matches graph () as
30 gl 0.

A

sinx - cosix -k E) = Z&in x.

/

f=g
RAVAYAY/YAYAYAD

It appears that flx) = oix} e
That 15, that
=
T + oy il
2
7 852, f(x) = e P sin x 2
: :
/\>;»*_ ﬁ)ﬂmpmg factor: e : .
Fi I . Ll
f Fflx) — Dasx —» oo /
z 54, g(x} = é-"“xzfz sin 1
%% % Damping factor: v = o2 | (3\
-3 3 Y ) . 3 ;} u
—eTH g gl < e b
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i
4
o,
Fut
et

it - .

{5}
{br}

{ci

{cd}

Lfy
=

&b H(7)

¢ 5
& . tan x o= o 3
X 7

= ol x

Axx -y 7
Asx =5 7, flx) -5 — oo
Asx — w", fx) - oo

Asx -

: Higs .. mi
= 54 3% - JOAE cog e - 1569 sin
& &

P #

- - i . P i
= 3836 - 1570 ooy o id, i g
4]

u
o
YN
- .,
AANE
o N
FES T — T

. . wr A
Period of cog - = {7
{’2"4‘“ ,/ 1

. .o Tl 4
Period of sin o e 12

Periad of Hir: 12

Perind of Lif): 12

thy From the

5 B I
e 2 SOt 8 ™
tan X -,

36, fix) = sec

{a} Asy — 0= flx} — —oo
5
FE -

iy Asy —% o Lflx) > oo

58, fley = cscx
(ay Asx — 07 flx; — oo

(B) Asx = 07, flxj = o

As the predator popalation moeresses, the number of prey decreases, When the number
of prey is small, the number of predators decreases.

hetween
The smallest difference occurs in wintern

and low lernperaiur

aph. 1t appears that the greatest difference
D COCUTS N SHITHNSE

icy The highest bigh and fow wmperalures appear 10 ocour

arcund the middie of July, roughly one month after the

thine when the sun 15 northernmost in the sky.

o

x4

G, cosx =

.

‘7\‘\‘

3
fol
73
B
1 [ A

nadst

EXEL]
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63. (a) o
[i] A
08

64. () 5%}? ~ 950 rev/min

(b} The direction of the saw is reversed.

"1

¢y [ = ﬁ(}{{\g"}" ¢}+ cotd ). 0 < ¢<§
@iglos los o9 112 |15
L3062 0 21701 1659 | 1896 | 1885
S __%f}: doqp o - z and x = _— s a vertical
i e, 2 T 2 X 2 i 3

asymptote for the tangent function,

ia} 2

{by The displacement function is not periadic, but damped.
it approaches O as ¢ increases.

{e} Straight line lengths change faster

()

6§, True. For x—» —oo, 2% 0.

(by flx} > gl for L < x < iE

&

4-(u [
(b) y; = —{sinmx + 3 sin 3wy + ¢ sin Swx 2 sin /wx}

63’ {3} = 3 kY
¥ fy
. ff‘" L LJ; i 2
w
- L M,
bod b d
2 4
=
3 {‘A)EE wg? m 3
j o E’“} (€} vy = vy + %(ﬁ; sin 9w
69. (a) .
x . ~01 | 001 | ~0001
E—E—’f 15574 | 1.0033 | 1.0 10
« e 0.001 | 001 | O 1
5"%—’5 Undef. | 10 | 10 | 10032 | 1.5574

)y Asx - o Zsinx b {Fand

i . C
5esC X — oo, shice 2ix) 15 the

&

reciprocal of flxd

5

(b) 2

tan x

As o0 flx) =

{cy The ratio approaches [ as x approaches O,
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9. (a) . - : ®) !
e —1 {3 1 —0.01  —0.00 . .

Ef%ﬁ 00475 | 10311 | 10003 | 1.0

X g G001 .61 8.1 I

——= | Undef. | 1.0 POGOR D 103 00475

{cy The ratio approaches 1 as x approaches O,

LT . 4 oA o ARy
TE Period is 5 and graph 1§ Increasing on {,,, L z} T4, Penod is ) and { o } } i on the graph.
Matches (4} Marches (b).

xr Byt
L. e

The graphs of v, = secxrand vy, = 1 5t T

, . L ) ( o
o ) [ m oy are similar on the nterval | -2 /;
are similar on the interval | — Freut o2 4
75, Diziihotive Propesty Té T} =1 77, Additive ldentity Property
Muluplicative [nverse Property
B, g+ B - =gk (B F S TH Not one-to-one 8. Not one-lo-one

Asseciative Property of Addigon

81, »= =5,y 2 &2, One-to-one
X x?%gr“(} y == Ly o B
o= Jy o~ 14 x =y - 5

@ Houghton Mitfin Cempany. Al rights reserved,
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Section 4.7  Inverse Trigonometric Functions

Yeour should know the defipitnons, domains, and ranges of v = aresin x, v = arccos x, and vy = arctan 1

Function Domain Hange
) . L W ¢
YO ATCRER ¥ b X TR SIn Y P L x<d e L —
- ’ 2 2
VO OEFCOOS X o= X T CO% Y S < o
7T e
¥ oarglan x s X T lan y TSR e _“5 <Y< Y

You should know the fnverse properties of the inverse tngonometnic functions.

o . NV wo T
sinfarcsiny) = x, ~1 € x < landarcsindsinyl = 3, —— < v < 5
codlarcensx =2, —1 £ x < Jandarccosicosyf = v, 0 v 5 o

. B ] . . H ks
wntarctan v} = x and arotaniian v = v R ey

You should be able 1o use the tnangle technigue © convert rigonemetric BmMCONS OF INVETSE FIGONGIMELC
fanctions into algebraic expressions.

YVocabulary Cheek

Iye=sinly 1 £xg | Zoy=arceosn, U s v s w
. ; " "
Joy=wn o < x o, Y <
*
. .k ki .
b, &} arcsin 55 ihy arcsin @ = O
i L . T
2. (ay y = arccos T w Cosy = v for €y< o = y= EY
. aw
By vm arccos § = ooy = 0ford sy 8w = yo= 5
" T 7

{i)

()

{a)

b

. . i . -
arcsin b= *? because sin— = | amd — 5” =

ey

arceos I = Hhecamsecos O = land 3 £ 1 € 7

i T
because tan — = {and — o < o <

arctan b=
4 Z 4

L
0| =

arctan U = 0 because tan O = Qand -

b | o3
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5. {a} arctan %2 = = 6. () argms(w-l%) L
o i 6 ) TN 2 4
{b) arctan{~—1} = y (b amsm{ 5 3
T8y v = arai‘&n{w «/E} = tany = /3 for mg <y« g oy om :r
(B v = arctan /3 =y = 3 = ymj?
/ 3 } 23
8. {ay y = &E‘CCGS{\M iJ = cosy = =5 frd sy wm o= y= 7:3
&) S
' N Tty .::'f._: J— 0w ) ME [ ‘:{E fosios -jj"
(by v = arcgin 5 =% Sy ; for 5 <y = 5 = ¥
§('a\v::%m"“}-/§ ‘‘‘‘‘ 2 %m':??\[gformﬁ<vfizm w2
clay oy = 5o siny = omfor o Sy < 5 y=1
. ~ x/:% -3 T
by vy = an™ ] e =P fap y = oo mmd oo o
3 &
W@, 0 [-08 |-06 |-04 |-02 ) ;
v | —15708 | ~0.9273 | ~06435 | —04115 | ~02014 2
.
x 168z 04 0.6 F .8 i
v b G2014 | 64115 EG,MBE (3.9273 | 15708 -
@ {
a
-8
(3 (0. O symmetric 1o the origin
11 v = arccos x
WILT S0 ] o8 | 06 | —04 | o2 ©

¥y oL 33416 | 24981 0 22143 ) 198Z3 ) 17722

- x 0 02 0.4 a6 08 |10

v | 15708 | 13694 | 11593 | 09773 | 0.6435| ©
(e} 2

\\M

|

G

(¢} Intercepts: ((l {;:T) (1, 00 w0 symmerry

b}
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£2.

(&) — 6

Gy

— b A0G56

—1.4464

B i

PA4G4 | 1.4

LAOTY 1 13258 0 14056

I ‘_‘_’// T
(dy Horizontal asymptotes: y = £
A

cos T HOLTEY == (3,72

arceos{ 0.7} = 235

= RFCOOY X

1T, apcsind —0.75) = - (.85

fan~ ! 5.9 == 1 40

0.

ian & = - T 22, com B
,,,,,,,,, ! i x
x B 4
§ = arcian o [ # = arcoos -
: 1 ‘ + 1
sin & = A 24, tan f = e
o ke
- H
§ )
- - Jx b I
== 7 g = arctant -——
rd 1
PR
Lat v be the third side. Then Z6. Loty be the third sde. Then
e e = R T PV N I R e N Y

cos B =

ban 6 =

mmp o B o= ogrotan
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27. Let v be the hypotenuse, Then v? = (x + 1P+ 2 =27+ x + 5 = y=

I8,

9.

3ip & = "'"""“-x;"j:‘—l::_—z ot = OATCSIN mwﬂ..é‘_mw
' JAEE Ix & VTS
Z . 2
tan & = ! w8 = arclan xtd
2 2

. x4+ 2
gin § = — e e

Jxt b dy 4+ 1A

3

cos B = ey

Jxt+ dx 13

+ 2

tan # = N = § = grcian

sinforesin 0.7 = 0.7

. sinfarcsin{ — 0.1 = —0L1

Lk
S v dx + 13

3

g = grecos ——=

NoErTEae

x 2

30, mofarctan 35) = 35

33.

x4+ 2x + 5.

31, coslarccos( ~03}] = —0.3

arcsinfsin 3 = arcsinl} = 0

Note: 3o is not in the range of the arcsine function.

{ Ty o bl /33
34, MCQ(ESE;\CGS ?;Ef? = arecost(} = 5 38, sgrcian< tan WE;EJ = &%."C.E&ﬂ'(\m %«*) = mg
Y ['"‘g_
34, &raszm\smwgwj} = armz-nL_ ___2_/; =~ 37, sin ‘ﬁigm 77 sinTtl =
38 ¢ - cos 2F) = cos™ (e 35 q‘n""'(mn 7y _ sin"i 1= =
38 cos (}im}s 7 cosT L e 5 39, o ] 7 i 3
s }'ﬁ‘\‘ ) .
£6. cm"";fmnf{} =cos 1) =w 4%, tanfarcsin O = tan & = 0
% &
. N / 3 \,/ L / s\ FZM
42. costarctan{— 1} = C%i\“g) = 43. sinfarctan 1) = f».am{_\r-) = i‘igw
. 7 /2 & /3
44, dinfarctan( 1)) = Sin{ *2) = sz}; 45, m:s%n[ca}sgw gﬂ = arasiﬁ(%w) = g
| C o wy A
46. am‘:ug{ qm{“;gﬂ = arcco.«;(\w:):) = ng 47, Let y = arctan :j Then
4 T
tany = 7 0 <y« 5 and i .
. 4 )
SRy =g LN 0

@ Houghton Mifflin Company. All rights reserved.
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Z

.3 . 24
A8, Letp = gresin P 49, Lety = arcsin 55 Then

24

4
siny = 2, and cos y = —7—
YT e Ly

M‘[:]

e v {3y o
51 Lety = arctan 3 {hen,

R

3 T

w , 3 . ~
tan o e g fR tam oy = e e <y o< Goand sec v = o
2 ‘ 5 2 i
5
i
) 12
i

I 1Y Ay 13
md an:tm{ - %I . = NP ’

{ 5/

< {5 I _

2

t:zm( azcsin{ -

", i 85, Lety = arctan x. Then,

}

i
any = x and cot ¥ o=

DG LA
B

{ arctan >
el arctan '"7“1 =y o= o
8/
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86, Lety = arctan x, tan u = x = 57. Lety = arccos{x + 2}, cosy = x + 2.

y Opposite side: /1 — (x + 27
AT
_— / sin v = CANSICR s = S Xt~ 4x - 3
‘\/.;12'+ f e 1

s |

o —
i — AUt 2R
i’ i
£ u
) ) opp X %)
sinfarctan x} = Sl y o= o = e
T ) hyp S+ 1
- . . k= 1 X .. X
S8 Yetw = arcsinfe — V,sinu =5 — 1 = ww{w-, 5% Lety = arccos E ithencos v = 75 and
-
A
/Y//’/ % x—i
-
B A
. . hyp i -
sectarcsin (x 1} = gsec p = 0T = ey *
t ¢ /] adi  /2x — &
4 4 . X
6f. Letw = arcian — tanuw = —. 61, Lety = arctan 7 Thentany = —= and
X X
I.m(; LRSS H .
44 adi x <7
cot| arctan w} = goty = - = —
5 x opp 4
- — i = F id i4
62 Letu = arcsin - h‘_ Simyp o= i——-—-f_ 63, Let v = arctan o Then tan y = — and
Id X
/ gin v i Thus, v mm'ﬁ( L4
& § L e s, ,’ fe=s el B e e ttariavutaen]
/// WAL 156 A xt

E o

( L x = A Nk
COSE arcsin "”_MQQL) = { = "
5 F
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65, Lety s

CO% Y

el
S ATUSHR
W

v A -
arcein - ——— = GFICOS T
& 6

x 2z

&6, I arccos =g, 2 < x o« dthen rosu = — &7, v = Zarccos x

Donain, —1 5 x5 1
/ Range: 0 £y = Im

/ Yertical streteh of fix} = arecos x
. 7

rd \

/ \\,

S -,
¥ -3 \
" S
¥ — 2 ‘ . '
GO ran SIRCE 2o v o« i

A - o o o . - . <
68, v = arcsin 3 69, The graph of flx) = arcsindy ~ 2} is & horizontal

iranskation of the graph of v = arcsin x by two unirs,
Pomain: —% £ x5 2

Range: —— < v % - : /’!
pi ) o I 4
o e
3 - ok 3 r
T8 plr} = arccosis o+ 2} TE Jlx) = arctan A

Diomain: ~3<r< 1 Dromain: all real nombers
This is the graph of v = arccos ¢ shifted rwo units 2 " "
- At oy e

1 the feft Ange )
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T flxr = am-c@s;z -
Domain: [~4, 4] \

\

Range: [0, w

TR Ay = FeosZe+ Fein 2t
S jt
= /33 ﬁm(Zz + arctan |
3

N

= 3./2 sintD¢ + arcian 1)

- o
- w/r?; sm(iz + 2{)

The graphs are the same,

. T
T8, Asx —» 17, arcsin x M?‘M

TE Asx — 17, arcsinx -~ *mg;
#1. {[2} sinp B = “}‘fé LY QFEISEB(‘E“QXI
' ¥ N8 f;
by ¢ = 5218 = a;‘csin(jg> = 31935, (=~11.1%)
E{}\ rs -
S OU arcsm(?zfé)' = {13948, (1267}
82, (a)

1§
by tan 6 = z;j;; = &= (0.5743 or 329°

. h i
(¢} {57437 = B =% h = 20 @mn{0.5743})

== 17 G4 feet

¥6, Asx ~» 17, arccos x 30

T8, Asx -5 — 1% arccosx -3

. Fi = 4 cos we -+ sin ot

—— 4
= 44 4+ 32 gm(mf + grctan %)
\s -

4\
=35 saé.n(wf + arctan E)
The graph suggests that

/

Acos e+ B ein wf = &//i:ﬂ"f?’* siﬁ{ e + arcian

UL

i8S true.

[T

T
T7. As x 300, arctan x m»%»wz-n

, T
86, Ag x - oo, arctan x - -

83, faymn = .

750

G = &r@i&ﬁ_\ﬁo}

\
g = &rc:‘ian( %%) == {+ 49 radian, (~ 728"

When s = 1600, # = 1.13 radians, (=65,

5

@ Houghton Miffin Company. All rights reserved.
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3x
4. B = wcan PRy x > O
{a} 2
%«w%
3 &
L&

.6
85, (a) tan § = —
A

\

{hy When x = I,

& \
6 = arcmfz(mw} = (.54 radian, (=317

When x = 3,

g = a.rcmn(ﬁ) == 1.11 radiang, (=63}

3

{3 [ s
or

§7. False. arcsin

89, v = arccot x if and only if cot v = x,
“““ oo < x < ooand 0 <y <o

¥

S~

oy

G = e-‘m‘mn(—

o

91. v = arcescx fand only fose y = &

Domain: (—oo, ~ 1], o0}

(b} B is maximum when x = 2 foet.

f¢} The graph has 5 horizontal asympltote a1 3 = G
As the carnera moves further from the picture, the
angle subtended by the camera approaches (.

8. {a) mn H = o

f = arct =
canz‘:}

{By When x = 5,
& £ 8 1407 €0.24 rady
# = gretan — = 1407, (0,74 rady.
20 | e

When x = 17,

N . )
# = arctan 0 FEE°, (6,54 rad).

§in x
88, False. tan x = ——
oo X

99, v = mrcsec x if and only if sec v = x where
€ ~tUxz land 0 €y < 7/2 and
w/2 < v £ w The domain of v = arcsec x
is {(—oo, — 1111, oo} and the range is
o, v/ o/, ol

VU % A
T
: !/ .
-3 -1 i b
¥
: \\\
: P x
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2. {ay y=arccotx ifandonly ifx = coty, —oo wx < ooand 0 < y < m
_— 1
Thus, ~ = an v and v = arctan; — }
Jw 4 arctan{l/x), x < O

Hence, graph v = {n/2, v =0
[arc-taﬂ{ Fixh, x> 0

, ‘ T
(o) y=arcsecx fandonly ifx =secy, 0 € —lorx 2 Land i £ 3 < SO <y
2

i i I
Thus, — = cos ¥ and ¥ = arocos —\}, Hence graph v = arccos —, x € {—oo, — 1] 1, ool
X LX) x
- .o L . 77 T
&y y=arccsexifandonly fr = cscy,x € ~lorx 2 | and ey fy<Oorf <y e
T E S
. i . . { EY oy S T Cfy )
Thus, ~ = siny and y = aresin| — ) Hence, graph v = arcsinl — 1, x € (~ oo, — 1]l ool
X WX ’ ’ VE S ’
— - _ oo 7
G3, vy = argsec V2 = secy = JS2undl Sy« U 9y S o omy o y o= 0
’ 202 4
, T
84, y = arcsec ] = secy = land 0 5y « LMoy & w o=» y= i
. S

Pl Y ey -
arceotl~ 3} = coty =~ Iandl < v 7 = y = e

#%, Let v = arcsinl— ). Then, 0%,

sinny = —x iy 7w
- tap y w oy, oy =
s 2 2
gy = X
. . ~tany = X
sinf— vl = x :
Y = ATeSi X §3n{ —yi s x, m-:}-— P Yo 1
¥R e GFCSHT X ) _
arctanitant ~ ¥yl = arctan x
Therefore, avesind —x) = —arcsin x
oy RS ErCTAn g
¥ o= - arctan &
) "
889, arcsinx + ACCOS ¥ = Py
Let o = gresiny = sihoe = X,
Let B = arccosx =3 cos B = x
" )
T HECSIm X b

2

TOATICOS X o=

@ Houghton Mifflin Company. All rights reservad.
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186,

Ares = grctan b — arctan a

{ay a =0, b= 1 by a= ~§, b =1
Avea = arctan 1 — arctan O Area = arctan § — arctan{— 1)
ar T ‘ T wy W
oo e e } - i ( 5 e R il B WA
oy @ =0 b= My a=~15=3
Area = arcian 3 -~ arctan {} Area = arctan 3 — arctani— 1)
w125~ 0 = 125 R
o125 | 45} ~ 2.03
ES szﬁ

181‘ ——m B vewm R e E{?E‘ = T
\/}2 \,’iz 2 ~ 3 N %
2J/3 U3 5./5 5.5 5 5./7
103, = S R e
& 3 164 216 2205 22 4
, 5 T
105, smifﬁg E s, tan 6= 2,0 « ﬁ«:;
Adjacent side: /67 — 52 = /11 ¢ 5 Gin g = 2 J5
531 = ——
g Lo s
cog 8 = ‘ S I
B 4 oo 6 = =
a5 ST g
WES AT T NG
ose = e
& -
gt fEomm e P
cse ¢ k3 aeg B o= 8§
sec B = —«?:,, = L“/}E cot § =
WA [}
1
opt § = VT
. 3 . /
147, sip 6 = ) B, sec =30« 6 < — /-f
Adjacent side: 12 ) /
acent side sip = 22 / 27

cos B o e

V1 ! tan & = 2.7
wefs z csc 6 = Wi = %i_xg
e o= 5% - %fj cot = :u;;» o ‘g
oot = 3—“;
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Section 4.8

Applications and Models

B You should be able to solve night triangles.
B You should be able i solve right riangle applications,
B You should be able to solve applications of simple harmonic motion: o = a sin wi or d = @ cos wi.

Vocabulary Check

1. elevation. depression

2. bearing

3. harmonic motion

R =10
307 = ol

I Goiveni A =
B o OfF -

?
tan A =

4

b

b b i
cos A = : L=

2 Given: B = 60° ¢ = |5
A= 9F — 5 =

g = btan A = 10wan 3% = 377

K]

b o . N 2

sin B = = wm b oosin# = 15sn ol = —;’ ““““ i
I Fa
73 _ e 15

e B o = g o= ccos B 153008 607 w o =
[ .

I Gwem B =710 = 14

b b 14

O gl o= s mm—— =
o tan B tan 717

sipg B o= o om0 o= o e 5
- sim 717

& Givenr g =

{*j =gt bj- S el

{

tan A 4 } =
an A = — = =
72 VA

B = 90° = 2657 = 63.43°

- .82

JI6 + 144 ~ 13.42

A= arc':'ia.néi = 2657°

Chven: A = 7.4°% g = 2005

B = 90° — TA° = B2LE°

ERA =S = hw —e = e endi ) SN
b mn A an 7.4

& i 25
gip A = o mmh @ E e = o o [RG 1T
e « ‘ sin A sin 7.4

. Given: a = 15,

L ) {"
Gin A w4 o aresing —
{250
cos H o= o~ = Ho= €3FUC{JS§ - S 56 75%
< VEED
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7. Given: b = 16, ¢ = 54 8 Given: b = 132, ¢ = [89
a = Jot - b JI660 == 51,58 a = Jet - B o= 3554676 =~ (1885
b 18 -, (};‘3 - : e 4 = Do 132 = arccosl L3 o 2 mee
Co8 A = D= Y A= gmws\%) = 7176 oos A o= - T TRe = A= &{u@&(zggj = 36063
= OO - 2.76° = 17.24° . C{1.32) .
B o 7276 172 sip B = b wey B z}rcsm(-———-j s 4 U
14 189
9. 4 = 1215, ¢ = 430.5 g
2 4305
B =507 — 12° 15" = 77° 45’ = T,
I 5 :
6in 127157 = o
T 430,58
a = 4305 sin 12° 18 =~ 91 .34
12715 =
cos 12715 =
b= 430.5 cos 12° 15 = 42070
1 Given: B = 65 127, a = 14558
= 90° ~ 653% 127 = 247 487
a a 1455
S m e e _— e - — 88
cos B e T YT B cosfa5% 124 346
tan B = 4 =5 b= gan B o= 1455 wnl65° 127 = 31480
Lol
1.t h F2. tan 8 = S
i1 tan @ = ¥z . £ B2
t ol
B = _?t'f} tan @ B "ng} tan #
1 .
B o= é{g‘} tan 57° == § 17 in, hoe E{EZ) wan 1R7 == 1.95 meters
# k
i3 wn g 573 14, tan # = fVZ
o= »}*%; tan 6 b= lf‘} tan @
P T
i . . e
o= 5(18,5} tan 41.6% = 821 f k= %(3.2(3} tan 72.94° = 531 o
\ 60 X
5. (@) // (b) tan 1 = =+ ©eTier | 20 | 300 | 400 | 500
T 60 L] 340|165 104 | 72 | 50
m‘ " an 8 _ , . .
38 ; {4y No, the shadow lengths do not increase in
’ = 60 cot equal increments. The cotangent function

1 not Hnear,
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6. (a) //g

i
H
/ g B4 e

/ :

@/ i

1

g | 2

e A | 507

2335

1472 1 1013

. o _ R
17, sin B 0

o= 20 s B
w= 170 feet

i
+ u‘. 500 ——
i 106G

ko= 100 sin 50°
== 76,6 foet

21, (a) x

’XJf‘ J 3

T

S r

Pl‘r/(' &
A
i 5041
{hj Let the height of the church = x and the height
of the church and steeple = v, Then
35° = - and tan 47° 407 = <
tan 35° = - and wan 47° 407 = =
500 5¢

x = 30 an 35° and v = 30 tan 477 407

b= v — x o= S0an 477 40— tan 357

(cy ho= 19.9 feet

= 850 cot #

(dy Mo, the cotangent function s not &

finear function.

18, tn(13) = o

A= 5872 wmn{13%) = 13,44 meters
T =)

55,2 megers

26, sin 31.5° = —e
S 4000

x = 4000 sin 31.5° H60
== J080 99 fest
i ‘ .
ZE otan 287 = e s o= HY tan 28°
10

a v 5 = H¥an 39757

s = 0 an 39757 — 4

= 10 tan 39 757 — 0 1an 780

== 3¢} feet
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23 (@) %= 1008 + (20~ 3 + AP
[= JI0O2 + (17 + A
= Jh*+ 34k + 10,280

:
i

e Y

i /‘”‘

7
s <§f
- il

%MW,"/&!“’

e ¥

/ i
Hitk

i

ERis kR

00 f

. 0y
by 08 G = E?*ﬁ = = ar‘ceos{z ;{}}

N

100
cos 357

!g‘?;
= 17— 1P
== T2

{cy If = 35 then{ =

{17 + h¥ + 107
(17 + k¥
17+ h

#

ko= 3300 feet

1
e 3 s ., —inieh.
53 feet p inc

75
L P [ Qe p—
25, an g 53

— iS - s 3 thl
& = grctan o 38.29

AN

a5

250
28 tan 6= S

= &rc%&n( 5;;:30 -------- ) = [0

not drawen 1o seale

s == {22077, Then

24. (a) sin 607 =

S
w1, ~—
(i }\

iy h G

d 4
(©y 257 < @< 30

fan 25° € wn 8 S mn 3

tan 25T = - < i

= 4907 906

5571 =

d =z 4508
d i in the interval £45.0, 55.7725.

4000

16,500
6= 90° — o = T597°

165500 ol
124
{by tan # = ——7 e
S 17% —
!
) # = arcian Ffﬁ = 338

3

29. Since the airplane speed is

{2’75 “ﬁ}( 60 355

AN 11511 9)

o f
16,500
min
after one minute Hs distance ravelled iy 16,508 fest

£ e

o [ |
TR §~¢
= 16 5060 sin 18

o
= 3094 ft

sin 187 = -
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33

34,

L
275 i 187

16,000
fho= 10,000, 5 = e = 1177 seconds,
A = 10,000.5 = Sz = 117.7 seconds

Hh= 160005 = ﬁ?ﬁ%; = 1883 seconds.

1808

. sin{75.2°%) = ——

L e
e

s f P e e £ FAE T fpey

sin(25.2°)

{2036} = 120 nnutical miles

sin 61° = é;}" s g = 120 sin 61° = 104.95 nautical miles

b ‘ . .
cos 61° = 0 s B 120 cos 617 == 3818 nautical miles

o= GO0(E5) = 500 ¢

v o= 900 gin 38% =0 5547 miles

3 oan 95 =

L= 20 = 687 Noter ABC forms s night triangle.

() o= 90° ~ 30° = 58°
Bearing from A 1o 0 N 3§ E
by = 6= 32
v Y o= 200

e ~ i
tap O = — == fan 547 = —{—} = o == 6887 m

4

= (360 mite

x = 4%in 95"

s

120

i
“““ e
s

€ Houghlon Mifflin Company, All rights reserved,
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= 7.

x = d oo 147

) 4 _ d
v A0 - x 30 - doot 14°

L 30 - deon 140
cot 347 = ———

i

30— doeot 147

i 5 46 kilomet
U : s e _’ }ﬂ% £ 3?%
cot 34° + cot 14° Homete

o go 347 ==

443,

m\r ..... -

Distance between (owns:

= = 188 -~ T = 118 kilometers

h
2. t3n 2.5% = — fan W = e

45 3
e e 3 ome & k:_%"'c
T » # 6.31

tan & =

Bearing: M 56317 W

Port. i

= o == 3TLOY R

A5G

tan 47 = WEM; = o= 500523 8

Diigtance between ships: [ - o = 19333 &

P
tan 577 = - by o g oot 577
X
:’*.
16 a P -
an 107 s e 570 e
v+ LE5/6) T
X [

" a
tap 167 = —. s
g oot 577 + (35/6;

acot 377 + (5576

a

cot 167 =

N 55
goot 167 — geot 57° = —

— P O54 feer

w3 3% piles s

h a

¥ et o = ﬂl
tan 2.5 tan ¥

h h

tan 2.5 e 10°

st drmen 1o fomle

E+ I8 Eanj{ic
Chan 100

fran 10° = ken 2.5° + [R{an 10%)ian 2.5%

...... ) Igf_ﬁi‘il} i{}o}{{gﬁ_ 256}
tan 16 — an 2.5°

= ] (4 miles = 5515 feet

h
i .
X - 18
nat drawn. i seale
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A

|
/ 5058 = 55

/

Lok

56
4 st L'}‘ i
£ = arctan 4?} 4.5°

Simitarly for the back row,

56
& = arcian “”i“} == D6} 57,

(B For 43°, you nead to be 56 feer away since
L
arotan ==

36

45, L 3x— 2y =5 = oy = 271 e mE R, = 5

E‘ZE: x + ’971 L= A —x 1 ey = -1

S1 -0 | =5

tan e = , P 5

P (-0B/a0 -1

- arcian 5 = TR.7°

ei

[£4

47. E% di‘%éﬁﬁ&i nt me base has & length of
2a. Now, we have:

<3 1 //‘
tap @ = e = e s
Jiae JZ 7
1 //f' y[.e
§ = arctan —z = 35.3° /{6/ m
~ 2 P
x/ia

49, cos 30° = —
.

b o= cos 30

- ;;W (Y i
fy e il 3.}: H \\ :
Z \ o
U GRS 4
X

44, (a) Using the two rangles with acute angle 8,

k
cos B o= z“ anch sin @ = L’:

Hence, L= L, + L, = 3sec B+ Josc B

4. L =2x+y=8 => m = ~2

I

Lo=x— 8y = —4 =p p, = =

2 . 15
g — |
tan @ = oS
i1+ g

(-
= ammniw‘*fw“ 2 = arcfaﬁ{E%} = 74 70

# = arctan /2 = 5477

o
@'l

a5 . 1k
& o= mwiw = 175 L — Ei
15 ot

sin 159 == R |

: |

a = ¢sin 15° = 17.5sin 15° = 4.53

Distance = 2g = 906 centimeters

& Houghton Mifflin Company. Al ights reservaed.
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Section 4.8 Applicarions and Models
51, d = OQwhent = 1§, g = § period = 2 8%, Displacementat /= 0is 0 =2 J = asin wrn
Use d = gsin ot since d = Owheny = 0 Ampliude: |a| = 7
T . Zar ‘ T
e = o Period: — = 6 ==» @ = —
w 4 3
Thus, d = 8 sin 7. g
d = 3sint i
"m( 3 )
55, d =3 whent = 0,0 =3, peried = 1.5 A4, Displacementaty = 087 =3 J = a008 wf
Hse d = gcos we since d = 3 when ¢ = 0 Amplimde: |a| = 2
T 4 . L ‘ 5
o b S o= o Feriod: — = 1} = e =
) 3 e :
!tf\ H ‘}"{“’3
Thus, d = 3 cos; 7w ). d=12 cm(___;_}
5 ; LA
8. d = 4doos B
(a} Maximum displacement = amplitude = 4 {cy d = dcosllm(5)) = 4
(b} Fre © 57 () St = 2 s f = -
v Freguency = o = oo (dy Bt = = oy f o
WY = e T 2 16
= 4 cycles per unit of time
B&, o w ;LO% 2rr Y. d = ——sin 140w
. . . LI . .. .
{2y Muximum displacement: |af = ;;% =5 {ay Maximum éisplacement = amplitude = -
207 w140
(b} Frequency: e R 10 (b} Frequency = o = —
2w 2w 2 2o
I i w7 eyeles per unit of dme
{oy Whent = 5, 4 = 5 cos{20m (5} = e y pe
= {cy d =0
() Least posttive value for 1 for which & = (& i
{dy 140w = o =2 1 = -
140

i
T eos Fwr = 0

s

oo e = 6§

kil
P

O T
2 20w 40
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B&, d = égsm TG2 s

: i t
{2} Maxtmuom displacement: §(‘z§ = gﬂi% = g4 {d} Least positive value for ¢ for which d = (&
{04
{
792 : —sin 792wr = §
{b} Frequency: Py = ?ﬂ = 396 &4 s 7
a7y
i sint 7921 = (
{0y When = 5,d = = sinf 792 w(5}} = 0. Ty = o
RO
792w 792
39, d = asin &0. At = 0, buoy 19 at 15 high point = o = acos wr
A tar ; Distance from high to low = Z{al = 3.5
Period = — = Fo—— F
@ requency .
1 =g
w 264 Returns to high point every 10 seconds:
w o= 2264} = 5287
2
Period = & = 1) = o = -
o 5
7 t
o = :;1 £08 —%
1
&L vy = —cos 161, {1 > O
4
{%) p . {i. 2’__.‘3? — i?h s ey d o } o 36 pa— 0 .‘E}
i3 laien e & seconds ) P cos 16 = U when
’ Ef} —_ E o e _..ff.., o {i-\
;= p s f = 75 seconds.
o { i |
i T A P i DR T O T
- . Y Gn0s | cos05 |
0 —— - 3.0 ;
' sinh.d | cos 0.1 ¢ 2340 0.6 Z : 773
: P T e 06 | cos 06 |
0.2 | = o 31 Q
! Psin02 fens 02 131 0.7 3 70 |
: 5 : | Ul sin©7 G cos 07T
0.3 | = e | G G
sinfl3 | cos 03 ’ 0.8 2 13 7.1
A C i sin08 | cos 38
04 |~ | == | 84
sin0.4 | cos 04 The minimum length of the elevator is 7.0 meters.
o 9 3 iy 2 . From the graph, it appears
{cy L=L,+L,= ;;};mé -+ Z{;;_é W that the mindmum length s

7.0 meters, which agrees
with the estimate of part (h).

[S1E

© Houghion Miffliy Compary. Al rights reserved.
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Section 4.8 Applications and Models  35%
63, (a), (b (cy A =3b, + b}k
. w= o ® g b 16 cos B8 sin
Base 1 Base 2 Altitude | Area il s 618 si
) : N T = §4{1 + cos &) sin &
8 | B+ 16cos 10° | Bsin 10° | 221 (1 + cos ) sin
. - . o b Max ares i3 approximately 831 square feer
2 8+ 16 cos WP | Rsin 0P | 425 {d) Maximuom frc is approximately 831 square e
for 8 = &0°.
] B+ 16 cos 30° | Bsin 30° | 397 o
& o+ 16cos 407 | Beindtl® | 727 P
& | 8+ 16008 50° | §sin50° | 80.5 /
8 R+ l6cosed® | Esin60° | 831 ok
& 8+ 16cos TE | Bsin 70° | BOT
Maximurn & 831 square feet
: . t ,
64. {a) ibi a = E{Efi,%éi -~ LTG0 63 :
gﬁ
S ;
* LA R
7 &
Shift: f = 143 — 63 =
Sondt {1« .?a.vszci'sfg S=d+ acos Ma;m.‘rj(i i??sﬂij;‘f\!ﬂf
2 S =8+ 63cof 7|
(o) Period: ——— = - I }
w6
This comespords ty the 12 months in a year The model 1 a good fir,
Since the sales of outerwear is seasonal, this
is reasonable.
{dy The aphtude represents the maximum
displacement from the average sale of
& million dollars. Sales are greatest in
Diecember {oold weather + holidays) and
least in June.
) s i
65, S = 09 + 141 :sfm(fé—" + 460
YA /
v s L. 2w L
{ay 2 {by The period 15 P = 12 months, which s T vear
LT
I S, {2y The amplitade i¢ 141, This gives the maximum change
in time from the average tirne {18.09) of sunset.
0 [ F
&6, False &7, False. The other acute angle 1s 907 — 4817 = 41.9°

It means 24 degrees east of novih.

Then
tan(41.9%) = 22
adj
a

22.56

mog o= J256
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68, Faige

&9,

v 2=+ 1)

dy —yp+ H=0

71. Slope = méézw ?‘ﬁ{ —_— ;i’
P P
5
Sy -~ 10 = —4x + 12
dy 4 Sy - 22 = 0

TE Domai; (oo, oo}

74, Domain: {—oo, ool

Review Exercises for Chapter 4

3. 407 or (7 radi

el

3 (a) v {b) Ouadrant TH
oy 3T o 2 107
4z £ 3 STE T
TN
.
¢ - dor F
3 ATy
A {a) by Cuadrant 11
T

P ERE
3

7. Complement

Supplement:

9, Complement: -

Supplement

7 s
Y ki
T

1/3+2/3

T4,

-
2y o= g Jré'

Tiom ==

STz 4T 374

T, Domain: {—oo, o0

2. 250° or 4.4 yadiang

4. {a) !

i 4
3

T Domain, 7T — 22 0

o r s 7

(hy Quadrant TV

4
! 23
| (e i;ﬂ' o= __ng:
in .— :
R
j ‘ SR 3 ;S
\‘\\. ) G &
& (&) ! () Ouadrant §
T #
) —— 4+ 2=
. o =t 4
4
L : Far 15
\\, / e T e

i T ﬁ
& Complement: TE - % = ;“;”T
11
Supplement: w % = {;
A Y s
1. Complement 5T T
Supplement;  — —7 = 197
Supplement: 7 — 5= =

& Houghton Mifflin Company. All fights reserved.
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Review Exercises for Chapter 4

&1

11

i3

7

18,

21. 592253 = (“ﬁ 4+ 22

. {8} >
(B Cuadrant |
(¢y 45° 4 3607 = 4057
457 - BH00 = — 3157
. {8}
{0y Ouadrant 11
{cy —135° 4 360° = 2257
- BRES - 3600 = - 445°
. Complement of 57 90° — 5% = §5°

Supplement of 5% 1807 - 5% =

. Complement: nof passible

Supplement: 180° — 171° = ¢

o 6 45 Y
z :%3 E {}/ ﬂ%'f'): g § 23 e o ,:,u ’...w______,) P
|

73, 135.29° = 135° + (0.29)(60) = 135° 177 24"
25, - 85367 = —[85 + 0.36(60°)] = —85° 217 367
37, a5 = 4150 T BT g0s

iz

14,

i6.

18,

24,

6.

28

. &
. 2R0TRT307 = IR0 4 — 4

(8}

{by Quadrant I
(cy 21F + 360° = 5TF
210° — 3607 = - 1507

(a}

(&Y OQuadrans IV
{cy —405° + 7207 = 315°

Complement of 84" 90° — 84° = §°

Supplement of 847 1807 — 84° = 98°

Complement of 1367 not possible

Supplement of 1367 1807 - 136° = 447

~ 2340407 = — ( 234° +

3640

hlix
60 3600

== J80% 4+ (113° + 0.01° = 280,147

2585 = 75° 4R/

~ 377830 = 3770 55748

. 7 rad
~ 3557 = 3550 4 S
18407

= - 7;5 rad = — 6. 196 rad

=2 - 3340
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. 1 rad 2w . wrad 47w
A i e Y R . 947 = 94° = LT 641 12

9 2 R Z rad 1257 rad 36, 947 = 94 G~ on rad = 1641 rad

Sar 5’;’( 180 o _ } T ?:_rm }éﬁfw - N
3 o= 7\7‘_)~u§28.57§ 3. - 5( )m 108
33, —35 = —15{3“?9;} = Q00 5350 34, 155 = 255(}&2“} == £ 808"

Lo o
gy 245 49
£ o= 3 = o = - = ES '% e

35, re M s =rf = & . P = 4. {3¥7 T radians

25 = 128

3
g == :é == 7R3
T

3. 5= 58 3. o= 8= {iS_}:;: = Sar=s 1571 om

s = 20(138 }ﬂISEF

= 4% 171 m
. ] ) . 2R(5280) . .

3%, In one revolution, the arc length traveled is 44, () 28 miley per howr = — 6-(}“* = 464 fi/min

41.

43,

2 a E T
L p= = corresponds @ (w -t | 46, ¢ = e corrasponds 10 | -, = L

= Zap = Zar(6) = 127 cm. The time

«d for o T ; . . . A
reguired for one revolution i Circumference of wheel: € = 7:(2};1 -l
! i 2 33
Fomm e R m—— 6(} wmE é . .
300 minuies ’Oﬁ ) 25 SECORES. Number of revolutions per minute:
.. ; s 2464 7392
Linear speed = ? = %%E% 10 omy/sec 175 = *7;*“ 7= 5361 rev/min
EL 2 }4 724
(b5 g zng?.fn*} T el = 7112 radfmin
£ Far 7
= in corresponds 1o ifg -mwiz? 42, cos o M2 in dm N2
T e 2T ST T T T
w/:i ‘«//“2?\
(x, y) = (‘“ e "“é‘"‘““)
S V3 47 L 1 S
cOs . 5 44, 1= “~§"-‘u}rr¢,sp0né:> m( 5 T )
Gn 24
e 2

J3Y
272

& Houghton Miffiin Company. All rights reserved.
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Beview Exercises for Chapter 4 363
S VI3 S5 N
L e COTTES R R . 1= o corresponds to | ——= —= |
47, ¢ 2 corresponds zo( 57y ) 48. ¢ & corresponds o( 7 2>
Fr 1 Tar = Lo J2 T
49 T i , — e = 00§
sin — 3 ot g J3 i@, sin ) 5 CO% 4
AOSZ:;‘EM ...... L‘/fé S&Eﬁ_g‘ymm mgm‘,fm: ta o 1o g {E
“RTg 2 e g 3 Ty T Ty
Tw 1 3 T -
tan ra \/’fi =73 & 5 5eC i \/E = Ok n
51, ¢ = Jarcomesponds to {1, 0. 52, 1= - g corresponds to {— 1, 0}
. X
sip For o= y o i} ot P o= —x—s undefined Siﬁ(”_‘ "FF} =y = { C(}i.(_ ”E’T} == ;:, undefined
v 3
. : i
cos 2w =x = | sa¢ Zor = LI i cos{—m} = x = —~1 sec(—w) = L -1
¥ ;
. . ¥ o ot .} ‘
tanlmw =t o= 0 cse 2a = "i“, undefined {7} = o 0 cscl 7 = o undefined
; /31 5 NEER
Bt = W%f corresponds o (% %) 4. 1= __Z;Z corresponds o (\w- w;%, 7;)
$ [——Ljﬁ) =L sm(“ﬁ"—ﬁj—?x‘1 — oy s
s "2 e, 7T T2
_1_2{’1) e =3 C0S<A.§fi‘.) -3
B S 6 2
ey oy /3 [ 3=\ ¥ 3
Ee el -~ S ol o wm e DET e
&m{ 3 ) 3 R R
[ o1iwy x = [ 5wy x
- P 4 — ~ e eunananss e = S ’3,
a@t(k 3 ) J3 u}t(\ & ) 5
sec 117} - L 23 o STV bl 2
L 4] } X 3 5 6 } X 3
I ( Smy ]
x| -5 ) =5 =2 el - ) =57 2
i . .
8. ¢ = e corresponds to (0, — 11
T =vmr 2] Ta
Sin 2} co 73 v
c@s{‘ “12{) =y wm sec(\ - “g) = -~ undefined
Ty vl
tan| — w) = = undefined csc( w~~~) = o= ]
2 X 2 v
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.
=
-t

\
i
1
t
i
[
B
Is
1
o
[¢]
i
H
H

114 5 Foy N \{/45
57, sm(ﬂ?) s Sin(ﬁz} e B8, cosdm = cos = |

o i1 y ﬁ{j 13y o Bw
59, am(—-w{;;_j = sinf—— | = - &8, cos — 3] = G0sTm = 7

61 sing = G2, cost o T

{a)y sini—1} =

{hy csel—¢) =

63, sipl—r1} = —

z
¥
'.fy

sinl—1)

{a) cos{—1) = cogg = =

by sec(—f) = b= 17
by seci—1 vl

684, cos{ - =

o | Ui

(a} sinr = -

Iy ; i 3 5y (g i 8
{by csot = 7 = = By seol- ) = cee——
W sinr 2 Y cosi—-1tp 8

) ‘ - » . ] e
85, cot 13w s {3 BG35 6. sec 45 = ———— = — 47435

&7, cos ez &8 tan

P = VB 16 = JES

sec 8 = e e

. 4
cot B = e
i3

& Houghton Mifflin Company. Al rights reserved.
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Review Exercises for Chapter 4 365

i5 5./41
70, sin § = ——me = 54

tan & = "}j = *5*
12 4
g 4 J41
LEC = TR e
JAT 3
g B o= wﬁw i {gz
4./ 41 4
i o f
O S 5
2 i
72 sinf = = o
£in 1{} 5
g tYE 26
o 10 5

cot @ + an & 4 fan g
cot & cat §

4.

1

= | 4 mnt G = sect 8

71, The hypotenuse is /122 + 107 = /244 = 2./61.

i opp 10 5 5./61
Sin § = "};“"""‘" = 3 /’é’f = /’%’“ o 6§
/47 3 iyp L R H
. adi 12 5 6./61
co% B = i S =
hyp 261 /61 61
"6 —
FAR— o 65
2 iaﬁﬁﬂgm*«:f
adi 12 6
1 /81
080 f = e = et
sin # 5
i J61
SER {} I meseseserssnnins S ssnrsasmaseimin
see cos & 4]
i 5
ot fl = — =~
tan & 5
X i ainy & )
Ge b= 73 cse ftan § = snf cosf  cosB o ¢
5 56
s8¢ § = e e

. 12 -
ol B = —= = 2\/6
VB

75 (&) cos B4® = (1045
{by sin & = 01045

} = 12656

Th {ay cscl5T° 127 =

!

Gn{52° 127} sin 52.2°

= E = 170561

by =ec(38° 7)) =

. (a) cmg = 0,707

(b} sec %" ~ 1.4142

B (a) //’1

- i

528" 3 5
7 |
L

.

e -

cos(54°77)  costS4.1167°)

[ o .
78. (2) zmézmg) = 0.5095 79, tan 62° = 12
3 i x = 1250 62°
{b} CG{(“‘“”“) = “":“ "5"‘"“
20 taz‘;{}r:“/mﬁ} - 2%‘5 {@Eﬁ
= 1 GH2G
(b sin 3F° = S = f o= 132 sin 30°
1y

©) h= 532{\5 | =76 feer
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o
b
Hi
)
pa
il
&
-
4
4.
m\
.
T
_.g_
[a]
Lh
&
i
<
£
el
f
Foo
&

. ¥ "
gifr 59 dh ez fse f} = e
I .

x r
CoRf o= - e o sec f = - = -

82. c= 2,y = 10, r= J4 ¥ 100 = /104 = 2./38 8%, x= ~7, y=72 r= JE ¥4 = /53

ferd
¢
&
I
{
i
|

)

2 5
B, xow o-andy = — Foe

T
Il
t
H

Com B o= x 273 6./ 481
roo3 COS = o o
r JA81/24 481

Taty & — — =

cee H o= -« [E——— - N
el I

woep o - o

coéi&:j: - 7 ”
- oot G o= B e

© Houghton Mifflin Company. Al rights reserved,
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Review Exercises for Chapter 4

367

#7.

89,

et ST
g 37_‘:" 39)"“‘"_ . ";) ?Vé\ 3
ro2J26/3 V26 26
cos B = Lo —-10/3 -5 m"""'ﬁw%
T 2263 % 6
DTN
e 0 ~10/3 7 5
sec 8= -~ tan # < § => 815 in Quadrant IV,

— ~
: v /11 611
gin f o= S o= 3 oee B o= P
8 > 6
nos § o B sec b = -
{08 6
JII 5711

ah

12
tan f = = == ~—f5~ mp o= 13, sin >0 = y= 1l v -5
E:?“w“**ig cs;cé%““i“"ﬁ
T y 12
NP S LB B
cog B o= " seC Pl 3
col o= . wi
b 12
. 3 o .
sin @ = e cos 8 < O = #isin Quadrant 1L
y=3r=8xw= =55
;3 . 8
‘;mé‘zzng csg o= ; 3
F B 7xf§‘:
; V55 . 8 8./55
COs g mw o~ mm e 468 ER e oo S e
; 8 5 33
a6 3 1./5% 6 /35
an f o= v om e T e e oot G o= o
55 55 3
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X . o - g
B cos G om cem s 0o oy o= J2]

-
sec o= - o=
X

s & =

cob o

i 5 5. 21
cse f}} el
¥y o /2l 21

§1. Heference angle: v G2, 635 is cotermunal with 275%,
264% - TEGT = 847 Reference angle:

7 647 B0 - 75 = HEC

. . Fior . o Bar
93, Cotermingl angle: # 94, ~- is coterminal with =,
d 3

Reference anple:

8

3 T
Reference angle: A
N 3 3
A LG
S i 3§
g ——
5 5

85, 2407 15 in Quadrant 1] with reference angle 807, 6. 315% 4w in Quadrant IV with reference angle 457

ey

N

sin 2407 = —sin 60° = -2 sip 3157 = —sin 457 = — =

- s - . o /2
cow 240 = —oos 607 = o cos 3157 = cog 450 = :":—

. tan 315° = ~1an 45° = — |
fan 2407 = o ran

7. - 2107 is coterminal with 1307 1 Quadrast IF with 98, —315° Is coterminal with 457 in Quadran 1
reference angle 30° /s

sin{l—315% = %--
sin{~210°) = ¢in(30°) = = -

o]

oyl — 1T e it
cogl— 3157 5

£

tan{— 115" = |

tan{— 217 =

& Houghton Mifffin Company. Alt righta reserved.



@ Houghton Miffiin Company. All rights reserved.

Review Exercises for Chapter 4

369

¥,
with reference angle #/4,

191, sin{de) = sn(0) = 0
cosfdn) = 1
tanidn) = 0
i
w 1 ® o - o b 3
84, cse 103 Siee 14135

107, fixi= 3emx
Amplitude: 3

—Gar/4 is coterminal with 7Tor/4 in Quadrant IV

[ :a

[ {}S

6>:

Jar

[

tan( *‘g“)‘ -

Ty f%

| = wm(m)

I
!’? 71"\'& o
iani?‘} = /%
1688, sec 127 S S == 32341

57 cm{tzfr 5

188, Flx) = Zcosx
Amplitude: 2

109, Flx) = fcosx ) 110, Flx) = Lsinx
Amplitude: g Arnplitade: é"
ANV ANy AN
T v i
2 L
111. Period: mf = 112, Period: m =47 113, Period: { -

Amphitude: 5

_ 3
Axnplitude: 5

Amplitude: 3.4

Hi. Plar/6 is in Quadrant IV

,n(iw‘>
[t Reaseel B
6

3. ran 337 =~ (6494

106, sm< g} ~ —0.3420

34

AWAWAY

R B 4

VAAVA

N
)

Lar
- 114, Period: —— = 4
{(m/2)

Amplitude: 4
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117, floy = 3sin e
Ampliade: 5

. 2
Period; -~ = Sqr

119, flx) = wg m( %}

La

Amptitude; —

-
|
o

i

|

Period: = Hoar

i

o
ket

. 5 .
E2%. flx) = “_;_”Siil{)&‘ - 47}

Amplitude:

B2l LA

Pertod: 2=

Shify:

x - oo O oand x oo

\

Ve

o= Ly
xom 3ar

116,

1i8.

124,

y o= — 2 sin wy

g

. i
Period: — = 2

T

Amplityde:

flad = & cg}s( - 4}

T}
A

Periewd: —

8
Amplitude: 8

Reflected in veaxis

~dm | ~2m | O

E23

dar

L fled = Jeosie + o)

yi-8 |0 g0

-8

PoLowx
— iy

(¥} =
F 77y

. ]
Amplitude: 5 ‘i

Period: %

Period: 2+

Amplitude: 3

This is the graph of
v s 3 cos x shifted
to the left 7 units,

G

to s

i

Hald oo

)
i)
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123. flxy = 2 —

130, flx) =

i

3

z

S 4l

acoslbe ~ ¢}

Amplitude: —
s
Period: 2 = flx} =

. . wE
. § = 5623 + 5.50 sin

ad

Waximam sales: ¢
{harch)

Mimimum sales: 1= 9
{September)

128. flx) = acoslbx — ¢)

e TR

Avplitude: 3

B34, flx) = ;E’ simowrx — 3

Agnplitude:

£ [ e

Period: 7

Vertical shift
downward three untis

126, flxy = 4 — 2 cos{dx +

Amphitude: 2 y

H

Periowt:

=3

o 7
128, flx} = —4 coa(?&x — E}

Period: 7 =2 flx} = 3coslly)

e B
46

131, § = 484 — 6.1 cos ?

3

Maximum sales: 1 = 6 / \\
{fune) S —

=3

133, f&i} R F:1 51 &

3 i
Perioed: ——— = 4

(/4]

Asymplotes:
—~F =7

oy

X

Reflected in raxis

PR

vl &
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134, flx) = 4anomx 135 flx) = “i:iﬁﬂ(x %) 136, flx) = 2 + Ztan z

¥

¥ ¥
P i : :
I | E Dogd ;
[ i L § i :
[ ! k s oa ¢
s ! , i ¢
[ ¢

¢ ! : ;} i
+ g £ B i ¢ H
: : : P e X oo (R x
: 1. N n Fam w3 271 IR T 3+
i i N h h : ’ ¢
1 4 H -2 5 H £
i g
3 -3 ¢ ¢
i P L

4 Bt

A x ‘ o { W
137. flx} = 3cots y 138. flx) = = ot =~ =
& . , . . Z 2 WA
! it : : 7 tan 5
i 1 H
Period, —= = 37 ' ‘ ' :
t/2 Pz R
; E : : 3 |
Two consecutive Sl o 4;,7 : 2
asympoes: : ' : ! ol :
\i 8 i : : :
A i i ; ; ; _
T e =0 b | Ea. NG
2 ; ‘
H r
i i
x ; .
o gy ey == gy : :
2 i

Period: =

Two consecutive o i , :
i : N i
SYRIIDotes: Y : :
ASYIDIEC oy : : :
i i i
" i i i 1
Pog s =y : A%
2 2 i 4 3 ¥
3 (4 (s (3™
i T r
7 o ! AR
X*“‘”z” “““ it ]g:x»—z “““ : : :
" : ‘
r H i

1 -
Zsinx

. 1
141, flx} = i sec x 142, fix} = 5 ese =

Period: 2w

© Houghton Miffiin Company, All rights reserved.
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. {
143, fixp = 7 C8¢ Ix

Period:

L flxh = S%Q( A

4

Secant functon shifted

ks

) to right

p
# ES
A _;f

VilvA
V11

‘ } 1
144, flx) = ~sec Iy = ————
Jia 2 R 2 oos 2k

‘ R i
146, flxp = Z ceelZe + o) o "g:ﬁ;}:{z{ < GTE

48, flx) = f&?‘?{){ + w)

&
/j v
cr " ¥
i v 23

4
: 3
L4

182, flx} = —2osels — ) =

R [ e
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153, flo = cac(?x A

2] sin(x = (w/2))

U1
A0

188, 7l = ¢ sin x

Damping factor: v = é*

|

187, flx) = 2xcosx
Damping factor: glx} = 2x

! i
-3 1 1 ia

JZ2AN

-1

w3
154 flx) =3 fﬂﬂ( 2e + 1{} " sin(2x £ (m/4))

186, flx) = ¢ cos x

Dramping facton &

fi

188, flx} = xsinwx

As x -3 o0, f oscillates
between —x and x.

As x5 o0, f oscillates between 2x and — 2z

188, (ay arcsin{— 1) = - %}&a&me sm(

{by arcsin 4 does not exist because the domain of

arcsinis [— 1, 1L

fod

mg\; — 68, (a) o:.rc:»m;

f

) 3 T
(£33 z&rz:i;m(w"-mj = - 5 because

J2

) arconed YAV o T e T M2 5ty arctanl —  /3Y =
161, (o) ara.cus{ 5 ) P because cos i 5 162, (a) arcmrz{ W 3 3
. /3 Sar Se 3 L T
It aru:as(m = becatse cos 5 = 5 (by arctan{l) = p)
163, arccos{42) = 1.14 164, arcsin 0.63 = .68 165, sin " H—094) =~ ~127

166, cos 012} = .69

169, w081} =~ 0.68

7L sin 6= _}_5;_ b T EFCSIN

x+3 («f “33\, 172,
16 20 L2

167, arctanf— 12} =~ —1.49 168. wctan 21 = 1.52

170, tan 1 6.4 =~ 1 47

+ 1 x4 1
G = o g aru‘;m( )—g-m——)
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L N x x
173 Lety = mresinix — I} Then, 174, Letuw = arocos E COs o
. ) . X = 1 ‘
siny = (x — 1} = ——— and
’ ; fan em w% ? == A
seg y = A _
. // B
;,/ xee 1
prvl ,,./
o ]
Pt [
P75, Let vy = arceos & oo Thencosy = = z — and 176, Let g = arcsin My, sing = 10x
e xSt 4 - x-
. - ceciarcsin 10x} = osou
A e e ’
sy 4- _hyp ]
s Copp 10 .
_ J16 — 82 ) e ! e
4 — 2 i /”J‘
d i i
Vs w: -
_ AT d o A
4 ~ x ¢ 2
a
P (1”1 - :
)= ’% 3 35 //L
o= 3.5 sind] "Eé‘uw%‘iem( }w{}(}"f 13 or 71 meters
riot droven 1 soake
12
178, tan 8§ = 60
g = i%gma;n( 12 ) == (31194 or §.84 P
I(}(} | s
i T
g = U7 T
I i
G P

4
5

79, tan 14° = ———— == y = 37,000 tan 14° = 9225.1 feet
e I e : ee

can 58° L r oy = 37,000 mn 2124 feet

= 507124 — 92251 = 498872 feer

B

The towns are approximately 30000 feet apart or 9.47 miles.
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184, 48" 4 d, = 483 ]
sin =i = 4R
‘ 650 A
4 dy -+ dy = 1217
§25% = iz 4~ 734
co8 P 5 ) w L
z “ﬁ” ~f TR E
. X e B3R 1 A,
cas 48° = L = dy = 433 | b
dy = dy =~ 93 et
250 = 24 347 ¥
sif 50 = d, == !
tan # 73 §= 44"
Ay & mw oemm—— m— b =z K
ST
4.4° V—E}— D {21 447 == 122}
sec 317 = = 7 ser
The distance 1s 1221 miles and the bearing 1s N 856 E,
; . . , 1.5
181, Use cosine model with amplitude 3 feet, 182, Use a cosine model with amplitude 5= 075,
Period: 15 seconds Period: 3 seconds
Tar .
. sz Far
y=3 wk’\ 15 } yo= 075 {;Qs(wﬂf)
’ i3
183, False vy w= sin # i3 a function, but it 18 not 184, False. The sine and cosine functions are useful for
One-{0-one. modeling simple harmonic motion.
367257
185, tan 8 = :
an 000
@ T 2o | w0 46 50 66
Cof L F2RT L 3120 ) 11400 | 19730 | 29.25° | 3RER
(b} #increases ab an increasing rate, The function is not Hoear,
O
186, (2 : i By Mext term: E 4
TEETTL arctan x '““x—ﬁ-%—ﬁwg i 7 L.r
\ 3 3 74 "T
~ 10 kil

The sccnracy of the approximation
inCreases as more terms are added,

& Houghton Mifflin Company. Al righis reserved.
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Procrice Test for Chaprer 4 X717

Chapter 4  Practice Test

1. Express 3507 in radian measure, L. Express (w9 in degree measure,
3, Convert 1337 147 12" to dechimal form. & Convert — 225697 w0 D° M S form.
B Mfcos 8 = 5, use the rigonometric identities to 6. Find § given sin 8 = 0.9063.
fing tan 4.
7. Solve for x in the figure below. & Find the magnitude of the reference angle for
g = (61/5.
CE
X
9, Evaluate cse 392, 18 Find sec # given that 8 Hes in Quadrant 1H and
tan § =
11, Graph v = 3sin pe 12, Graph y = — 2 cos{x ~ mh
] . { ) ,ﬁ"}
i3. Graph v = tan 2x. 14. Graph y = —cse{x + 7/
I8, Graph v = 2x + sinx, using a graphing calcuator, 16, Graph v = 3xcos x, using a graphing calculator.
17. Bvaluate sresin 1. 18, Evaluate arctan{— 3}
. . ( 4 . . . . / K
1%, Evaluate sinlgrocos Wicli 26, Write an algebraic expression for costarcsin :,;]
% SAE ' \ 4
For Exercises 21-23, solve the right triangle.
I A =400 0 = 12 22, B =684, a=7213 23 a= 35 b=9
B
[
a —
A 5 IS

24, A 20-foor ladder leans against the side of a barn. Find the heighe of the top
of the fadder if the angle of elevation of the ladder Is 677,

25, An observer in & lghthouse 250 feet above sea level spots a ship off the shore,
It the angle of depression 1o the ship is 3%, how far out is the ship”?
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